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6Preface
Connecting the dots
With the establishment of the Global Forest Expert Panels (GFEP) initiative in the year 2007, the Collabo-rative Partnership on Forests (CPF) created an international mechanism which effectively links scientific knowledge with political decision-making on forests. The GFEP responds directly to key forest-related policy 
questions by consolidating available scientific knowledge and expertise on these questions at a global level. It provides 
decision-makers with the most relevant, objective and accurate information, and thus makes an essential contribution to 
international forest governance.
This report entitled “Forests, Trees and Landscapes for Food Security and Nutrition” presents the results of the fourth 
global scientific assessment undertaken so far in the framework of GFEP. Previous assessments addressed the adaptation 
of forests and people to climate change; international forest governance; and the relationship between biodiversity, 
carbon, forests and people. All assessment reports were prepared by internationally recognised scientists from a variety 
of biophysical and social science disciplines. They have all been presented to decision-makers across relevant inter- 
national policy fora. In this way, GFEP supports a more coherent policy dialogue about the role of forests in addressing 
broader environmental, social and economic challenges.
The current report reflects the importance of policy coherence and integration more than any previous GFEP assessment. It 
comes at a time when the United Nations General Assembly seeks to adopt a set of Sustainable Development Goals (SDGs) 
which build upon the Millennium Development Goals (MDGs) and converge with the post-2015 development agenda. 
In this context, the eradication of hunger, realisation of food security and the improvement of nutrition are of particular 
relevance. By 2050, the international community will face the challenge of providing 9 billion people with food, shelter 
and energy. Despite impressive productivity increases, there is growing evidence that conventional agricultural strategies 
will fall short of eliminating global hunger and malnutrition. The assessment report in hand provides comprehensive 
scientific evidence on how forests, trees and landscapes can be – and must be - an integral part of the solution to this 
global problem. In other words, we must connect the dots and see the bigger picture. 
The review of the International Arrangement on Forests by the member states of the United Nations Forum on Forests 
provides a unique opportunity to integrate forests into the SDGs in a holistic manner and to promote synergies in the im-
plementation of the post-2015 development agenda across multiple levels of governance. It is my hope that those with a 
responsibility for forests, food security and nutrition at all levels will find this report, and its accompanying policy brief, 
a useful source of information and inspiration. 
Alexander Buck
IUFRO Executive Director
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Chapter 1
Forests, Trees and Landscapes for 
Food Security and Nutrition
1.1 Problem Statement: Can Forests 
and Tree-based Systems Contribute 
to Food Security and Nutrition?
As population estimates for 2050 reach over 9 billion, 
issues of food security1 and nutrition have been dominat-
ing academic and policy debates, especially in relation to 
the global development agenda beyond 2015. A total of 
805 million people are undernourished worldwide, even 
though the trend appears to be slowly reversing (FAO et 
al., 2014) and malnutrition – defined as either under-5 
stunting, anaemia among women of reproductive age or 
adult obesity – affects nearly every country on the planet 
(IFPRI, 2014). Despite impressive productivity increases, 
there is growing evidence that conventional agricultural 
strategies fall short of eliminating global hunger, result in 
unbalanced diets that lack nutritional diversity, enhance 
exposure of the most vulnerable groups to volatile food 
prices, and fail to recognise the long-term ecological 
consequences of intensified agricultural systems (FAO, 
2013; FAO et al., 2013). In parallel, there is considerable 
evidence that suggests that forests and tree-based systems 
can play an important role in complementing agricul-
tural production in providing better and more nutrition-
ally-balanced diets (Vinceti et al., 2013); woodfuel for 
cooking; greater control over food consumption choices, 
particularly during lean seasons and periods of vulner-
ability (especially for marginalised groups); and deliver a 
broad set of ecosystem services which enhance and sup-
port crop production (FAO 2011a; Foli et al., 2014). Al-
ready, while precise figures are difficult to come by, it has 
been estimated that approximately 1.2-1.5 billion people 
(just under 20 percent of the global population) are forest 
dependent (Chao, 2012, cited by FAO, 2014a; Agrawal 
et al., 2013). These estimates include about 60 million 
indigenous people who are almost wholly dependent on 
forests (World Bank, 2002). 
Despite these figures, much of these forests remain un-
der government control (even if the trend suggests a slight 
increase in community control of forests; see Figure 1.1). 
Ultimately, who controls forests has important implica-
tions for the role of forests in food security and nutrition.
The loss and degradation of forests exacerbate the 
problem of food insecurity both directly and indirectly: di-
rectly, by affecting the availability of fruits and other for-
est- and tree-based food products, and indirectly by modi-
fying ecological factors relevant for crop and livestock and 
thereby affecting the availability of food (van Noordwijk 
et al., 2014). As of 1990, an estimated nearly 2 billion ha 
of the world’s land surface could be classified as degraded, 
the legacy of extended periods of mismanagement in some 
long-settled areas (Oldeman et al., 1991). Models of cur-
rent global trends in land (soil) degradation indicate that 
between 1981 and 2003, approximately 24 percent of the 
global land area (in which 1.5 billion people live) could 
be classified as degrading (Bai et al., 2008). Evidence 
suggests that cropland and forests are disproportionately 
represented in these areas undergoing degradation, with 
consequent implications for net primary productivity, and 
associated impacts on populations that depend on these 
landscapes for food and nutrient provisioning. 
While there is growing recognition that forests and 
tree-based systems complement farmland agriculture 
in providing food security and nutrition, responsibility 
for managing these diverse elements of the productive 
landscape is typically fragmented across different gov-
ernment departments and administrative jurisdictions in 
most countries. The complex, overlapping and intercon-
necting processes which link tree products and services 
to food security and nutrition are currently not adequately 
represented in forestry, agriculture, food or nutrition-re-
lated strategies at global and national levels, though their 
importance is often well known at more local scales by 
consumers, forest producers and farmers.
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
Coordinating lead author: Bhaskar Vira
Lead authors: Bina Agarwal, Ramni Jamnadass, Daniela Kleinschmit,  
Stepha McMullin, Stephanie Mansourian, Henry Neufeldt, John A. Parrotta,  
Terry Sunderland and Christoph Wildburger
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Changes in statutory forest land tenure in low and middle income countries,  
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While the evidence base for the role of forests and tree-
based systems for food security and nutrition is growing 
(see for example, Johnston et al., 2013; Ickowitz et al., 
2014) there remain many gaps in our understanding of 
this relationship and its potential contribution to reducing 
global hunger and malnutrition. There is a need to explore 
the forest-food nexus in much more detail, particularly in 
relation to the integrated management of multi-functional 
landscapes, and the multi-scalar and cross-sectoral gov-
ernance approaches that are required for the equitable 
delivery of these benefits.
1.2 Prevailing Paradigms about  
Forests, Agriculture, Food Security 
and Nutrition
In 2012, at the UN Conference on Sustainable Develop-
ment: Rio+20, the UN Secretary General proposed an 
ambitious goal to eliminate global hunger by 2025 – the 
so-called “Zero Hunger Challenge”. Fulfilling this chal-
lenge requires not just providing universal and year-round 
access to food for the world’s growing population, but do-
ing so in a nutritionally-balanced way, while enhancing 
livelihood security for smallholders, reducing waste from 
consumption and production systems and also ensuring 
that these systems are sustainable. Evolving strategies to 
respond to this challenge primarily focus on achieving 
“sustainable intensification”, by improving the produc-
tivity of agricultural systems, without causing ecologi-
cal harm or compromising biodiversity and ecosystem 
services (FAO, 2011b; Garnett et al., 2013). Plant biolo-
gists, crop scientists and agronomists are working hard to 
find solutions both on-farm and in the laboratory, which 
may be able to achieve this desired increase in productiv-
ity without the sorts of ecological side-effects that were 
associated with the Green Revolution of the 1960s and 
1970s (Struik and Kuyper, 2014). 
There are reasons to be cautious about these produc-
tion-centric approaches to the food security dilemma. As 
Amartya Sen demonstrated through his seminal work on 
famine, what keeps people hungry is not just the lack of 
food, but the lack of access to that food and control over 
its production (Sen, 1983). Enhancing global production 
of food through productivity increases will therefore not 
guarantee that those who are hungry will have the means 
to increase their intake of food. The resource poor, in 
particular, may not have the means by which to purchase 
the increased output of food that these new technologies 
promise, and may continue to rely on more locally-ap-
propriate and accessible means of fulfilling their nutri-
tional needs (Pinstrup-Andersen, 2009). What is needed 
is recognition of the ways in which people command ac-
cess to food, how this varies by season, and how the inter-
personal dynamics and biases (especially due to gender) 
of intra-household food allocation result in differential 
nutritional outcomes within families. Enhanced food sov-
ereignty (encompassing food security, the right to food 
and healthy diets, as well as the right to control over one’s 
own food system (Patel, 2009; Edelman et al., 2014)) can 
help ensure that local people have control over their own 
diets and are engaged in efforts to improve the nutritional 
quality of their diets. 
Production is also constrained by the lack of equitable 
access to land, technology and capital, which typically 
remain unavailable to the large majority of smallholder 
farmers (there are an estimated over 500 million family 
farms worldwide) (FAO, 2014a; Pretty et al., 2011; Van-
lauwe et al., 2014). In these contexts, food from forests 
and tree-based systems is likely to continue to form an 
essential part of household strategies to eliminate hunger 
and achieve nutritionally balanced diets. Unfortunately, 
Figure
1.1
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there is little current appreciation of the diverse ways in 
which these tree-based landscapes can supplement ag-
ricultural production systems in achieving global food 
security amongst the international and national decision-
making communities. Many forms of forest management 
for food (whether strictly traditional or contemporary) 
including the creation of multi-storied agroforests, the 
planting of diverse forest gardens or, as discussed at 
greater length in this report, the management of swidden-
fallows for food, have remained, with few exceptions, ei-
ther invisible to researchers and planners or condemned 
by governments and conservationists. Even the many 
contributions that woodlands make to agricultural pro-
duction outside of forests have been largely overlooked.
Paradigms for forest and tree management have also 
evolved considerably in the last fifty years, away from a 
state-controlled, production-centric approach to more col-
laborative systems which prioritise the needs of local peo-
ple, and also value the roles of forests in providing critical 
ecosystem services, especially habitats for biodiversity 
(including agrobiodiversity), pollination, soil protection, 
water and climate regulation (Mace, 2014). Decentralised 
management systems now better reflect local demands, 
especially for woodfuel, fodder and small timber (Larson 
et al., 2010). More recently, new management regimes 
which take account of the key roles that forests and trees 
play in biodiversity conservation, the regulation of carbon 
fluxes, and the hydrological cycle have meant that these 
landscapes are being managed for a much more diverse 
(often non-local) set of purposes (Ribot et al., 2006). 
What has been relatively neglected, however, in these re-
configurations of forests and tree-based landscapes so far 
is an explicit recognition of the continued role that they 
play in food security and nutrition, especially in provid-
ing resilient and accessible production and consumption 
systems in general, and for some of the most vulnerable 
groups. For many of these groups, linking the health of 
forests and landscapes to food sovereignty also provides a 
potential mechanism and argument to enhance greater au-
tonomy over local food and agricultural systems, as well 
as their wider landscapes and bio-cultural environments. 
In many ways, this is a missed opportunity for stakehold-
ers and decision-makers, as a greater emphasis on these 
roles could allow forestry debates to engage more ac-
tively with wider concerns about poverty alleviation and 
sustainable human well-being, which are at the centre of 
global, national and local agendas.
1.3 Policy Context for this Report, 
Scope and Objectives
The contribution of forests to sustainable land use ap-
proaches which balance livelihood security and nutrition-
al needs of people with other management goals is of high 
significance for the implementation of existing interna-
tional commitments, including Agenda 21 and the three 
Rio Conventions (UNFCCC, CBD, UNCCD) adopted by 
the 1992 Earth Summit; the Global Objectives on Forests; 
the Millennium Development Goals; the UN Declaration 
on the Rights of Indigenous Peoples; as well as the ILO 
Indigenous and Tribal Peoples Convention (1989) No. 
169. In the context of the discussions on the United Na-
tions post-2015 development agenda, which seeks to es-
tablish a more integrated approach to poverty reduction in 
the framework of the Sustainable Development Goals, the 
contribution of forests to food security and nutrition, and 
the impact of food production on forests and landscapes 
are of particular relevance. 
Against this backdrop, the Collaborative Partnership 
on Forests (CPF) tasked the Global Forest Expert Panel 
(GFEP) on Forests and Food Security to carry out a com-
prehensive global assessment of available scientific infor-
mation on the relationship between forests and trees on 
the one hand, and food security and nutrition on the other, 
and to prepare a report to inform relevant international 
policy processes and the discussions on the post-2015 de-
velopment agenda. The report is targeted particularly at 
decision-makers – policymakers, investors and donors – in 
order to provide a strong scientific basis for interventions 
and projects related to forests, agroforestry and landscapes 
aimed at addressing food security and nutrition.
The work of the GFEP on Forests and Food Security 
focuses on three key objectives:
■	 To clarify the different dimensions and the role that 
forests and tree-based systems play in food security 
and nutrition;
■	 To analyse the social, economic and environmental 
synergies and trade-offs between forests and food se-
curity and nutrition, and related management interven-
tions; and 
■	 To assess relevant frameworks and responses, as an 
input to research, international policy processes, and 
evolving development agendas in different regions of 
the world.
This report documents evidence of the relationships be-
tween forests and tree-based systems and food security 
and nutrition from different agro-ecological zones in all 
continents. However, a particular concern is those parts 
of the world that are characterised by deep-rooted hun-
ger and malnutrition, where food security is a particular 
challenge, primarily in poorer nations and in the trop-
ics (see Figure 1.2). Our discussion includes not only 
management of forests, woodlands, agroforests, and tree 
crops for direct food provisioning, but also the manage-
ment of forested landscapes for the conditions they cre-
ate that in turn affect all agricultural systems. The sys-
tems included in our analysis range from management 
of forests to optimise yields of wild foods and fodder, 
to shifting cultivation, through the broad spectrum of 
agroforestry practices, to single-species tree crop man-
agement (these systems are discussed in detail in Chapter 
3 of this report). We consider the variability and appli-
cability of these management systems within and across 
geographical regions, agro-ecological zones and biomes, 
highlighting the traditional and modern science and tech-
nology that underpin them.
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Although this report documents the role that forests 
and tree-based landscapes play in relation to food security 
and nutrition at a relatively aggregated level, it also high-
lights the important variations in these relationships. This 
includes regional variability, depending on agro-ecolog-
ical conditions and their relative suitability for different 
forms of wild and cultivated harvests; seasonal variabil-
ity, indicating the role that forest- and tree-based diets 
might play at particularly lean periods of the agricultural 
cycle; and socio-economic variability, which especially 
emphasises the roles that land and tree tenure and gov-
ernance, human capital, financial capital, and gender play 
in mediating the ways in which people have access to, and 
consume, food from forests and tree-based landscapes. 
Throughout the report, there is specific attention to 
a number of important cross-cutting issues. Prominent 
amongst these is the role of gender specifically, and in-
equality more generally. Women and female children’s 
roles in contributing to household food systems - both 
directly and indirectly - are substantial and often greater 
than men’s, since they are the primary collectors of food, 
fodder and fuel from forests. In framing our discussion 
around the UN Secretary General’s Zero Hunger Chal-
lenge, it is important to recognise the salience and impor-
tance of forest- and tree-based diets for these most vul-
nerable groups, even when the aggregate contribution to 
global food production from such landscapes might not be 
quite as significant. In addition, given the increasing femi-
nisation of rural livelihoods and especially agriculture, as 
well as women’s continued role in food provisioning for 
families, the report highlights the need to reach women 
as producers (by enhancing access to land, technologies, 
information etc.) and consumers who shape important be-
havioural choices in relation to food security and nutrition.
1.4 Structure of the Report 
This report consists of six further chapters. Figure 1.3 
provides a conceptual overview of the structure, and the 
broad linkages between the material presented in the dif-
ferent substantive chapters.
In Chapter 2, the available evidence on the direct and 
indirect roles that forests and tree-based landscapes play 
in providing food security and nutrition is presented, and 
critically assessed. Chapter 3 focuses on the forest-ag-
riculture continuum, and the role of different landscape 
configurations in food production, the ways in which a 
mosaic of forest, agroforest and crop production systems 
combine and interact, and the importance of the social, 
cultural and economic contexts in which these systems 
exist, focusing on three factors that affect the socioeco-
nomic organisation of forest and tree-based systems, 
namely: land and tree tenure and governance, human cap-
ital, and financial capital. Chapter 4 steps back from this 
landscape scale and examines the broader drivers – envi-
ronmental, social, economic and political – that are im-
pacting the forest-food security “nexus”, and highlights 
the importance of these in framing available options for 
responding to hunger and malnutrition. Chapter 5 starts 
to discuss response options, at landscape scale, highlight-
ing in particular the need for multifunctional landscapes 
Prevalence of people undernourished (percent, 2012-14) 
Source: FAO, 2014b
 No data available  0 ~ < 5  5 ~ < 15  15 ~ < 25  25 ~ < 35  35 ~ 100
c
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to be governed for their ability to provide food security, 
natural resource conservation and sustainable livelihoods. 
In Chapter 6, these response options are examined in rela-
tion to the broader drivers of change, focusing in particu-
lar on the role of markets and incentives, different forms 
of governance and the public policy challenges associ-
ated with recognising and enhancing the role of forest-
tree landscapes in food security and nutrition. Chapter 7 
concludes with some key messages for a range of deci-
sion-makers in local and national governments, the inter-
governmental community, as well as the business sector 
and civil society.
1.5 Forests and Tree-Based Land-
scapes for Food Security and Nutri-
tion – a brief preview
1.5.1 Direct and indirect Contributions of 
Forests and Tree-based Systems to Food 
Security and Nutrition
As this report explores in some detail, forests and tree-
based systems provide a steady supply of wild and culti-
vated fruit, vegetables, seeds, nuts, oils, roots, fungi, herbs 
and animal protein, which complement more conventional 
staple diets derived from agricultural production systems 
(and, in some cases, provide dependable staple sources 
for food security and nutrition). Evidence reviewed in the 
report (especially in Chapters 2 and 3) suggests that some 
50 percent of the fruit consumed globally comes from 
trees (much of this collected by women and children) and 
recent studies show that access to forests and tree-based 
systems is associated with increased vitamin intake from 
fruit and vegetable consumption. What this growing evi-
dence suggests is that, while forests are not a solution for 
global hunger in themselves, in many circumstances they 
play a vital supplementary role, especially during periods 
of unpredictability (such as long dry spells). In some re-
gions, food from forests plays a central role in providing 
calorific staples (such as açai palm fruit in the Amazon; 
Brondizio, 2008). It is also increasingly recognised that 
food from forests provides micronutrients and contributes 
to dietary diversity, thereby supporting a shift away from 
calorific intake as the primary metric for food security, to-
wards a broader understanding of nutritionally-balanced 
diets (FAO, 2013). 
Forests provide not only food items, they are also criti-
cally important for providing fuel for cooking. In develop-
ing countries, 2.4 billion households still use conventional 
biofuels (firewood, charcoal, crop residues and cattle dung) 
for cooking and heating. This includes 90 percent of rural 
households in large parts of sub-Saharan Africa and 70–80 
percent in China (Modi et al., 2005). The most important 
biofuel used as rural domestic fuel is firewood, and the 
numbers dependent on it and other traditional biofuels 
are expected to increase over time (IEA, 2004). Firewood 
shortages can have negative nutritional effects, since ef-
forts to economise on firewood can induce shifts to less 
nutritious foods which need less fuel to cook, or cause poor 
families to eat raw or partially cooked food which could be 
toxic, or to eat leftovers which could rot if left unrefriger-
ated, or even to miss meals altogether (Agarwal, 1986).
Apart from these direct roles, forests support the di-
versification of livelihoods through income earning op-
portunities that contribute to household food security (see 
Figure 1.4). Their role in providing ecosystem services 
which underpin the agricultural production system – 
through soil formation, nutrient cycling and provision of 
green manure, water provisioning, pollination and micro-
climate regulation – further enhances synergies between 
the forest-tree landscape and the wider food production 
system (MA, 2005).
1.5.2 Drivers Affecting the Relationship  
between Forest-tree Landscapes and Food
Demographic change and mobility
In 2013, the world population totalled 7.2 billion and it 
is projected to exceed 9 billion by 2050, with most of 
the increase being in developing regions, especially Af-
rica (Roberts, 2011). Consequently the demand for food, 
feed and fibre will increase, while per capita land avail-
ability will decline. A continued focus, therefore, on un-
derstanding and responding to the drivers of population 
growth is likely to remain an essential component of ef-
forts towards ensuring food security in the twenty-first 
century. In addition to the increase in absolute numbers, 
however, changes in the structure and location of people – 
Conceptual structure  
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with populations moving between rural and urban areas, 
as well as transnationally – are likely to have an important 
influence on the demand and supply of food. As Chapter 
4 of this report discusses in some detail, the sheer scale 
of internal and international migration is unprecedented, 
and what is known about these numbers is likely to be a 
considerable underestimate due to undocumented move-
ments. While international migration has become one of 
the defining features of globalisation, the world’s popu-
lation is also increasingly becoming urban, with more 
than half now living in urban areas (UN, 2014). Small 
cities and towns in Asia, Africa and Latin America that 
lie in or near tropical forest areas are likely to experi-
ence the greatest magnitude of urbanisation. Migration 
and urbanisation lead to profound changes in socio-
economic systems, including the growing feminisation 
of rural landscapes in many of these regions. Urban 
migration is also resulting in major transformations in 
rural production-based economies, and associated loss 
of knowledge about forest foods and management. From 
a food security perspective, these trends have important 
implications for availability of, access to and relative de-
pendence on forest products for food and income. How-
ever, research on the nexus between migration, urbani-
sation and forests remains very limited, let alone from a 
food security and nutrition perspective.
Shifts to market-driven economies
The last three decades have seen a considerable shift in 
public policy, encouraging the growth of markets and the 
private sector. The management of agrarian and forested 
landscapes for smallholders and their food needs is be-
coming less appealing to states in comparison to their 
desire to attract agro-industrial investors for large scale 
production systems, or for managing these landscapes in 
response to emergent global markets for carbon, biofuels 
and biodiversity (Fairhead et al., 2012). Pressures for the 
expansion of commodity exports are also adding to the 
degradation and loss of forest lands (Nevins and Peluso, 
2008). As Chapter 4 points out, the resultant focus on en-
hancing production efficiency, specialisation and trade in 
agricultural commodities exposes vulnerable groups to 
the volatility of international commodity prices, and re-
duces their ability to access more localised food sources, 
over which they often have greater control. The food price 
spikes in 2008-09 demonstrated how the impacts of this 
volatility are felt, especially in those parts of the world 
that are least able to withstand such shocks, and contrib-
ute to undermining access to food for the poorest groups 
(Akter and Basher, 2014; Berazneva and Lee, 2013). As 
climate uncertainty adds to the potential volatility of 
global agricultural and commodity markets, developing 
more resilient production systems across the agricultural-
forestry landscape is essential for ensuring food security 
and nutrition to the most vulnerable populations.
Consumer preferences and values
As discussed in Chapter 4, with increasing incomes, 
households’ demand for food increases less than pro-
portionally, and there is generally a dietary shift with 
decreasing importance of starchy staples (e.g. rice, 
wheat) and increased consumption of meat, fish, fruits 
and vegetables. Many forest foods are likely, in eco-
nomic terms, to be seen as “inferior” goods (demand 
decreases with rising incomes and increases with de-
clining incomes) and rising incomes would thus mean 
less forest food production, extraction and reliance. 
Delang (2006) notes, however, that forest food gather-
ing is important in many rural communities with low 
economic growth, and likely to remain so, especially as 
per capita incomes rise relatively slowly in some parts of 
the world. Rising income and desire for meat consump-
tion may also impact the demand for animal proteins, 
including bushmeat, with subsequent impacts on for-
ests. Chapter 4 also suggests that forest food consump-
tion is increasing in some high income countries, e.g. in 
northern Europe, apparently in response to perceptions 
that food should be locally grown, organic and aesthetic, 
indicating that we need to understand the dynamics of 
forest food consumption better. 
As Chapter 2 of this report discusses, household de-
cision-making (mostly by women) regarding food use 
and practice is influenced by levels of knowledge on nu-
trition (FAO, 1997; Jamnadass et al., 2011). Translating 
the harvest and cultivation of tree foods and other forest 
foods into improved dietary intakes therefore involves 
making nutrition education and behavioural-change 
communication to women a high priority. But, as Chap-
ter 2 emphasises, the education of men should also not 
be neglected, since they often have most control over 
household incomes, and need to be aware of the impor-
tance of diverse cropping systems and the spending of 
income on healthy foods.
Environmental transformation and  
degradation 
The effect of human activities on ecosystems has been 
profound, particularly during the past century. Many 
critical thresholds of the earth’s biophysical systems 
have already been crossed as a result of human ac-
tivities (Rockström et al., 2009; Steffen et al., 2015). 
Though the consequences are complex, there is consid-
erable evidence that ongoing and future climate change 
will have drastic impacts, especially in the poorest re-
gions of the world. As Chapter 4 elaborates, people liv-
ing directly off the production from the earth’s ecosys-
tems are particularly affected by these changes. Forests 
are affected by increasing temperatures, variable pre-
cipitation, fragmentation, deforestation, loss of bio-
logical diversity and spread of invasive species. These 
factors affect not only the extent of forest but also the 
structure and species composition within forests (and 
therefore, forest products) thus impacting on the avail-
ability of food and nutrition. Environmentally-induced 
changes affecting forest cover imply both direct and 
indirect consequences for food security and nutrition: 
direct consequences result from changes in the avail-
ability and quality of food and nutrition, while indirect 
consequences result from changes in income and live-
lihoods related to forest products.
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 The direct and indirect roles of forests and tree-based systems for  
food security and nutrition
Figure
1.4
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1.5.3 Trade-offs, Conflicts and Synergies in 
Land Use, and Responses 
Chapter 5 of this report discusses possible responses 
across the landscape, that attempt to reconcile competing 
demands for agriculture, forestry and other uses. There 
is no single configuration of land uses in any landscape 
that can provide all the different outcomes that people 
might find desirable. For example, the “best” landscape 
configuration for biodiversity conservation might in-
clude large areas of forest strictly protected from human 
use, but this might support the livelihood needs of a very 
small human population or even displace previously res-
ident people (and the resultant conflict may undermine 
conservation impacts in the long run). In contrast, the 
“best” landscape for cereal production might contain 
very little forest at all. Other desirable outcomes, like 
malaria mitigation or food security may be best provided 
by more diverse landscapes. With increasing pressure on 
biodiversity and ecosystem services across many land-
scapes from the growing footprint of human activities, 
choices have to be made about what is desirable and how 
landscapes should be managed. There may be difficult 
decisions about the relative merits of enhancing short 
term outputs through intensification of increasingly 
overworked landscapes versus maintaining their long 
term ecological productivity. In a context where views 
on these options are often deeply entrenched and con-
flicts of interest are difficult to reconcile, consensus on 
what constitutes success may be difficult to achieve.
In a world characterised by increasing resource and 
land scarcity, these conflicts are likely to arise not just 
between the most desirable use of the agrarian-forest 
landscape, but also about how best to accommodate in-
creased demands for land to allow for the expansion of 
urban settlements, industrial development and resource 
extraction. Dilemmas arise in relation to difficult choic-
es about the most optimal configuration of land use in 
this mosaic, but also about who gets to decide when 
such choices need to be made, and whose interests are 
represented in the decision-making process. Trade-offs 
arise not just between alternative landuse options, but 
also amongst different resource users and stakeholders 
in a landscape, and their associated preferences. Politi-
cal economy issues have often meant that a theoreti-
cally optimal landscape is unrealistic or unachievable 
on the ground.
Chapters 5 and 6 of this report emphasise the signifi-
cant shifts in governance that are required to manage these 
trade-offs and difficult choices, and to promote pathways 
to more integrated multi-functional agricultural-forest 
landscapes for food security and nutrition. As Chapter 6 
elaborates, many of these responses lie outside the land 
sectors altogether. The growing demand for food, fibres, 
energy and other products from the land often result in 
market pressures for exploitation that can lead to forest 
destruction if they are not managed through appropriate 
governance systems and institutions. Perverse incentives, 
such as subsidies that have been set up to address the de-
mand for cheap food without considering environmental 
externalities, may aggravate these pressures. Issues of 
presence and representation require the adoption of more 
open, participatory and deliberative forms of multi-
stakeholder governance, which enhance linkages between 
food security and forests. Power needs to be exercised in 
ways that are seen to be legitimate and accountable, and 
transformative change requires innovative multi-level 
linkages, and creative cross-sectoral partnerships. There 
is also a need for market and natural resource govern-
ance-related responses focusing on global processes that 
support sustainable supply, and innovative corporate and 
multi-actor initiatives that support inclusive value chains 
of forest and tree products. These need to be coupled with 
social and cultural response options to enhance food se-
curity where the focus is on cultural norms and values in-
cluding gender, and social mobilisation such as advocacy. 
1.6 Evidence and Knowledge Gaps
The diversity of the Earth’s forest ecosystems and the 
human cultures associated with them has produced a 
vast array of food systems connected to forests and 
trees. These food systems are based on the traditional 
wisdom, knowledge, practices and technologies of 
societies. They are dynamic, developed and enriched 
through experimentation and adaptation to changing 
environmental conditions and societal needs, often over 
countless generations. Despite the huge potential of 
forest and tree foods to contribute to diets, knowledge 
on many forest foods, especially wild foods, is rapid-
ly being lost due to social change and modernisation. 
Lack of knowledge in the community might be exacer-
bated by the effects of migration and movement, with 
considerable research demonstrating that information 
on forest-based foods is higher amongst long-term resi-
dents than migrants. Much of this knowledge is also 
associated with wisdom particularly held by the elderly 
and by women, with implications for its preservation 
and propagation within families and communities. 
Equally, many of these traditional forms of knowledge 
are non-formalised and have not been written down, 
which makes access to this information challenging. 
There are, of course, oral knowledge transmission tra-
ditions in many cultures (such as storytelling, folklore, 
music and informal learning within families) and there 
is a growing sensitivity in the research community to 
try and find ways of recording these non-formal forms 
of knowledge.
For the purposes of this report, however, this form of 
knowledge production and generation makes collation 
of evidence significantly more challenging. In review-
ing the evidence, the authors have relied primarily on 
available literature, which has undergone processes of 
peer review and verification. Apart from work that is 
published in journals, they have used sources from a 
variety of organisations that have a repository of rel-
evant information, and are reliable sources of data. 
Grey literature, where available, has been used and 
is indicated. What is largely missing are the voices 
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of the poor, which are typically under-represented in 
these more formalised sources of knowledge. Despite 
our best efforts, for many of the analyses undertaken 
in the assessment, there are considerable limitations 
on the availability of useful information from the lit-
erature and other relevant sources. Recognising these 
constraints, the assessment tries to point out where the 
current knowledge base is strong, where it is currently 
weak or lacking, and the degree of consistency in the 
literature (and among experts) regarding research find-
ings (and other knowledge sources), all of which influ-
ence the degree of certainty regarding conclusions that 
may be drawn from the available evidence.
The message of this report is nuanced. As the de-
tailed chapters demonstrate, there is variability in the 
ways in which forests and tree-based landscapes inter-
face with human food and nutritional systems. In par-
ticular places, and for particular groups of people (and 
individuals), these landscapes provide goods, services 
and livelihood options that can be critical for avoiding 
the worst forms of hunger, malnutrition and destitution. 
As the discussion on the post-2015 Sustainable Devel-
opment Goals becomes increasingly cognisant of the 
importance of nutrition-sensitive approaches to elimi-
nating hunger, and to the wider role of natural ecosys-
tems in supporting human well-being and development, 
these links between different forms of production across 
diverse landscapes will allow a much greater recogni-
tion of the role of forests and trees in global (and local) 
food security and nutrition.
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2 UNDERSTANDING THE ROLES OF FORESTS AND TREE-BASED SYSTEMS IN FOOD PROVISION 
2.1 Introduction
The role played by forests1 and trees in the lives of 
many people appears obvious through the many uses 
made of tree products, including foods, medicines, 
fodder, fibres and fuels, and for construction, fencing 
and furniture (FAO, 2010). Indeed, forests and other 
tree-based production systems such as agroforests have 
been estimated to contribute to the livelihoods of more 
than 1.6 billion people worldwide (World Bank, 2008), 
but just how they contribute – and the varying levels of 
dependency of different communities on tree products 
and services and how these change over time – has of-
ten not been well defined (Byron and Arnold, 1997). 
Complications arise for reasons that include the vast 
diversity and ubiquity of products and services these 
systems can supply, complexities of tenure, land-use-
change dynamics, and the different routes by which 
products reach subsistence users and other consum-
ers (FAO, 2010). At least until recently, this has been 
compounded by the inadequate attention that has been 
given to the characterisation of these systems, and the 
benefits and costs that are associated with them among 
different portions of the community (Dawson et al., 
2014b; Turner et al., 2012). 
Complexities in quantification and a general lack 
of proper appreciation of relative benefits help explain 
why the positive roles and limitations of tree-based 
production systems in supporting local peoples’ liveli-
hoods have frequently been neglected by policymakers, 
and why rural development interventions concerned 
with managing forests and tree-based systems have 
sometimes been poorly targeted (Belcher et al., 2005; 
Belcher and Schreckenberg, 2007; World Bank, 2008). 
The vast diversity of forest products available includes 
not only those derived from trees, but a wide range of 
(often) “less visible” products from other plants, fungi, 
animals and insects. “Natural” forests, agroforests and 
other tree-based production systems not only provide 
such direct products, but contribute indirectly to 
support people’s livelihoods through the provision of 
a wide range of ecosystem services (FAO, 2010 and 
Figure 2.1).
In this chapter, we are concerned with describing 
the direct and indirect roles of forests and tree-based 
production systems (such as those based on commod-
ity tree crops) in supporting the food and nutritional 
security of human communities. Our emphasis is on 
the tropics, where this role is often the greatest and 
where development interventions have been widely tar-
geted in this regard (FAO, 2010). With the world food 
price “spikes” of the last decade, the political unrest 
and suffering caused by the lack of an adequate diet 
for many people, and the recognition of the threats of 
anthropogenic climate change and other global chal-
lenges to agricultural production, the importance of 
both food and nutritional security, and the roles of for-
ests and farms in securing them, have come to the fore-
front politically (FAO, 2013c; Box 2.1). As a result, 
a greater understanding of how forests and tree-based 
production systems support food security and nutri-
tion, both directly and indirectly is needed (Jamnadass 
et al., 2013; Padoch and Sunderland, 2013; Powell et 
al., 2013; Vinceti et al., 2013). 
In the following sections of this chapter, we first 
introduce key concepts related to food security and 
nutrition. Both the direct and indirect roles of forests 
and tree-based production systems in food provision 
(depicted in Figure 2.1), including threats to these roles, 
and gender aspects that determine value and usage, are 
then discussed. Although our emphasis is primarily on 
tree products and services because of their high impor-
tance and to illustrate the concepts involved, we also 
consider other, mostly forest, products. In the conclud-
ing section, we provide indications where further work 
is required to optimise the use of forests and tree-based 
production systems to support food and nutritional 
security. 
Abstract: Forests and other tree-based systems such as agroforestry contribute to food and nutritional 
security in myriad ways. Directly, trees provide a variety of healthy foods including fruits, leafy vegetables, 
nuts, seeds and edible oils that can diversify diets and address seasonal food and nutritional gaps. Forests 
are also sources of a wider range of edible plants and fungi, as well as bushmeat, fish and insects. Tree-
based systems also support the provision of fodder for meat and dairy animals, of “green fertiliser” to 
support crop production and of woodfuel, crucial in many communities for cooking food. Indirectly, for-
ests and tree-based systems are a source of income to support communities to purchase foods and they 
also provide environmental services that support crop production. There are, however, complexities 
in quantifying the relative benefits and costs of tree-based systems in food provision. These complexi-
ties mean that the roles of tree-based systems are often not well understood. A greater understanding 
focuses on systematic methods for characterising effects across different landscapes and on key indica-
tors, such as dietary diversity measures. This chapter provides a number of case studies to highlight the 
relevance of forests and tree-based systems for food security and nutrition, and indicates where there is 
a need to further quantify the roles of these systems, allowing proper integration of their contribution 
into national and international developmental policies.
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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2.2 Food Security and Nutrition
Food security exists when communities “have physical 
and economic access to sufficient safe and nutritious 
food to meet their dietary needs and food preferenc-
es for a healthy and active life” (Pinstrup-Andersen, 
2009). Well-nourished individuals are healthier, can 
work harder and have greater physical reserves, with 
households that are food- and nutrition-secure being 
better able to withstand and recover from external 
shocks. Despite advances in agricultural production 
globally, approximately one billion people are still 
chronically hungry, two billion people regularly expe-
rience periods of food insecurity and just over a third 
of humans are affected by micronutrient deficiencies 
(FAO et al., 2012; UN-SCN, 2010; Webb Girard et al., 
2012). Most of the countries with “alarming” Global 
Hunger Index scores are in sub-Saharan Africa and this 
region therefore is a particular target for intervention 
(von Grebmer et al., 2014). 
While rates of hunger (insufficient access to energy) 
have been falling in many parts of the world, there has 
been little change in the rates of micronutrient defi-
ciencies (FAO et al., 2013). In particular, deficiencies 
of iron, vitamin A, iodine and zinc, are associated with 
poor growth and cognitive development in children, 
and increased mortality and morbidity in both adults 
and children (Black et al., 2013). Micronutrient defi-
ciencies are often referred to as “hidden hunger”, as 
they can occur within the context of adequate energy 
intake, and can be overlooked using traditional meas-
ures of food security (FAO et al., 2012). Malnutrition, 
including under-nutrition, micronutrient deficiency 
and over-nutrition (obesity and over-weight, with the 
concomitant cardiovascular and chronic respiratory 
diseases, and diabetes) are key developmental chal-
lenges. Rates of obesity are increasing in virtually all 
regions of the world, affecting 1.4 billion adults glob-
ally (FAO et al., 2012) and obesity can no longer be 
viewed only as a disease of affluence. The burden of 
double (over- and under-) nutrition on the well-being 
of people in low-income nations is immense. As such, 
there have been calls for greater attention to “nutrition-
sensitive” agriculture and food systems (Herforth and 
Dufour, 2013).
There has been growing recognition in the nutrition 
community that dietary behaviour is shaped by a broad 
range of psychological, cultural, economic and envi-
ronmental factors (Fischler, 1988; Khare, 1980; Kuhn-
lein and Receveur, 1996; Sobal et al., 2014). This com-
plexity indicates that to address food and nutritional 
security a multi-dimensional response is required 
(Bryce et al., 2008). Such a response must consider the 
production of sufficient food as well as its availability, 
affordability and utilisation, and the resilience of its 
production, among other factors (Ecker et al., 2011; 
FAO 2009). Nutrition-sensitive approaches across dis-
ciplines, including health, education, agriculture and 
the environment, are needed (Bhutta et al., 2013; Pin-
strup-Andersen, 2013; Ruel and Alderman, 2013). 
On the production side, nutritionists agree on the 
importance of bio-fortification of staple crops through 
breeding, as well as on the need for greater use of a 
more biodiverse range of nutritionally-higher-quality 
plants for more varied diets (i.e., not just enough food, 
but the right food), rather than just relying on a few 
“Green Revolution” staples (Keatinge et al., 2010). 
This diversity of plants can include locally-available 
and often little-researched species, including forest or 
once-forest taxa (Burlingame and Dernini, 2012; Fri-
son, et al., 2011; Jamnadass et al., 2011; see Box 2.1.).
Many nutritionists now accept evidence of changes 
in intake of certain nutritious foods and a more diverse 
diet (dietary diversity being defined as the number of 
different foods or food groups consumed over a given 
reference period (Ruel, 2003)) as enough to determine 
impacts on nutrition and health, since the links be-
tween dietary diversity and energy and micronutrient 
adequacy, and child growth, are now well established 
(Arimond et al., 2010; Johns and Eyzaguirre, 2006; 
Kennedy et al., 2007; Kennedy et al., 2011; Ogle et al., 
2001). Dietary diversity of individuals or households 
is thus recommended as a reliable indicator to assess 
if nutrition is adequate, and it is a useful measure of 
impact following project interventions.
Fruit and vegetable consumption 
in sub-Saharan Africa
A good example where changes to a healthier and 
more diverse diet would be beneficial is illustrated 
by figures on fruit and vegetable consumption in 
sub-Saharan Africa, where consumption is on average 
low with mean daily intake, respectively, of between 
36 g and 123 g in surveyed East African countries; 70 
g and 130 g in Southern Africa; and 90 g and 110 g in 
West and Central Africa (Lock et al., 2005; Ruel et 
al., 2005). These figures add up to considerably less 
than the international recommendation of 400 g in 
total per day to reduce micronutrient deficiencies 
and chronic disease (Boeing et al., 2012; FAO, 2012; 
WHO, 2004; see also Siegel et al., 2014). In response, 
initiatives are underway to bring “wild” foods in 
Africa into cultivation (e.g., see Jamnadass et al., 
2011 for the case of fruit trees) and such approaches 
are receiving increased attention globally (CGIAR, 
2014). This is exemplified by a recent State of Food 
and Agriculture report by the Food and Agriculture 
Organization of the United Nations (FAO), titled Food 
Systems for Better Nutrition, which states that “greater 
efforts must be directed towards interventions that 
diversify smallholder production such as integrated 
farming systems, including fisheries and forestry” 
(FAO, 2013c). Similarly, the World Health Organiza-
tion (WHO) has recently agreed on criteria for a 
healthy diet that include: balanced energy intake and 
expenditure; the consumption of fruits, vegetables, 
legumes, nuts and whole grains; and the low intake of 
free sugars, fats and salt (WHO, 2014). 
Box
2.1
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INDIRECT ROLES
Tree products for  
income generation
Tree crops, wood products,  
other NTFPs and AFTPs
Ecosystem services
Provision of genetic resources, 
pollination, microclimatic regula-
tion, habitat provisioning, water 
provisioning (quality and quantity), 
soil formation, erosion control, 
nutrient cycling, pest regulation
DIRECT ROLES
Dietary diversity,  
quality & quantity
Food provisioning:
Fruits, vegetables, nuts, mushrooms, 
fodder and forage, animal source 
foods (bushmeat, fish, insects)
Livelihood safety nets
Food in times of seasonal and other 
scarcities, nutritional composition, 
wood fuel for cooking
Health &  
Disease
Stability &  
Seasonality
Dietary  
choice & Use
Availability
Sustainability
Access
Food  
Security & 
Nutrition
THE FOOD SYSTEM
A framework depicting the direct and indirect roles of forests and tree-based  
production systems in food provision. Components indicated in this framework are 
addressed in this chapter
Figure
2.1
FOREST-TREE-LANDSCAPE CONTINUUM 
Shifting cultivation Agroforestry
Single species tree  
crop production
Managed forests
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2.3 The Direct Roles of Forests and 
Tree-based Systems 
2.3.1 Foods Provided by Forests and  
Tree-based Systems
Access to forests and tree-based systems has been associ-
ated with increased fruit and vegetable consumption and 
increased dietary diversity. Powell et al. (2011), for exam-
ple, found that in the East Usambara Mountains of Tanza-
nia, children and mothers in households who ate more foods 
from forests, and who had more tree cover close to their 
homes, had more diverse diets. In another African example, 
Johnson et al. (2013) found that children in Malawi who 
lived in communities that experienced deforestation had 
less diverse diets than children in communities where there 
was no deforestation. Using data from 21 countries across 
Africa, Ickowitz et al. (2014) found a statistically significant 
positive association between the dietary diversity of children 
under five and tree cover in their communities. While the 
communities globally that depend completely on forest 
foods for their diets are relatively modest in number and size 
(Colfer, 2008), the above African examples illustrate that 
forest foods often play an important role as nutritious sup-
plements in otherwise monotonous diets (Grivetti and Ogle, 
2000). Since the productivity of trees is often more resil-
ient to adverse weather conditions than that of annual crops, 
forest foods often provide a “safety net” during periods of 
other food shortages caused by crop failure, as well as mak-
ing important contributions during seasonal crop produc-
tion gaps (Blackie et al., 2014; Keller et al., 2006; Shack-
leton and Shackleton, 2004). Since different tree foods in 
the landscape have different fruiting phenologies (as well 
as different timings for the production of other edible prod-
ucts), particular nutrients such as vitamins can often be 
made available year-round (Figure 2.2), by switching from 
harvesting one species (or even variety) to another over the 
seasons (the “portfolio” approach; Jamnadass et al., 2011).
Fruit tree portfolio for year-round vitamin C and A supply Figure
2.2
Food security levels of smallholders’ households and the harvest periods for the most important exotic and indig-
enous (in italics) fruits, for 300 households in Machakos County, Eastern Kenya. Fruit harvest periods are according 
to household respondents and the given ratings of vitamin C and provitamin A (a precursor of vitamin A) content 
are according to chemical analysis (several sources, including Tanzania Food Composition Tables and the USDA 
National Nutrient Database) Source: Katja Kehlenbeck (personal, previously unpublished observations).
English name Species name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dez Vit C Vit A
Pawpaw Carica papaya + + + +
Mango Mangifera indica + + + +
Banana Musa x paradisiaca
Loquat Eriobotrya japonica + + +
Mulberry Morus alba ●
Tamarind Tamarindus indica
Waterberry Syzygium spp. + + +
Custard apple Annona reticulata ●
Guava Psidium guajava + + + +
White sapote Casimiroa edulis ●
Wild medlar Vangueria madagascariensis
Lemon Citrus limon +
Orange Citrus sinensis +
Chocolate berry Vitex payos + + +
Avocado Persea americana
Passionfruit Passiflora edulis +
Jacket plum Pappea capensis
Desert date Balanites aegyptiaca ●
Bush plum Carissa edulis
Available vitamin C and A-rich fruit species 2 4 6 4 4 5 4 2 3 1 2 2
%
 o
f f
oo
d-
in
se
cu
re
 H
H
s
HUNGER SEASON
100 %
80 %
60 %
40 %
20 %
0 %
Vitamin content levels:
+ + + = very high + = intermediate ● = moderate
■ Harvest time of vitamin C- and provitamin A-rich fruits (species given in red type)
■ Harvest time of vitamin C- and provitamin A-poor fruits (species given in black type)
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Human foods from trees
Globally, it is estimated that 50 percent of all fruit con-
sumed by humans originate from trees (Powell et al., 
2013), most of which come from cultivated sources. 
Many of these planted trees still have “wild” or “semi-
wild” stands in “native” forest that are also harvested and 
which form important genetic resources for the improve-
ment of planted stock (Dawson et al., 2014b). Although 
apparently wild, some forest fruit tree species have un-
dergone a degree of domestication to support more ef-
ficient production (see for example Box 2.2), by increas-
ing yields and quality, and by “clumping” trees together 
in forests to increase their density at particular sites and 
thus ease their harvesting. The classic case is in the Ama-
zon, where ancient harvesting, managed regeneration and 
cultivation have led to genetic changes and high density 
aggregations, for example close to ancient anthropogenic 
“dark earth” soils (Clement and Junqueira, 2010) of sever-
al food tree species such as peach palm (Bactris gasipaes) 
and  Brazil nut (Bertholletia excelsa) (Clement, 1989; 
Clement, 1999; Shepard and Ramirez, 2011). 
Traditional agroforestry systems often harbour high 
biodiversity and can deliver a wide array of tree foods in-
cluding fruits and leafy vegetables that are both cultivated 
and are remnants of natural forest (Table 2.1). When estab-
lished in agroforestry systems with shade trees, food di-
versity and sustainability of tree crop systems increase. In 
Ethiopia, for example, the inclusion of fruit-bearing trees 
as shade in coffee plantations provides farmers with access 
to additional foods, such as mangoes, oranges, bananas and 
avocados, as well as firewood and timber (Muleta, 2007).
A small number of tropical food trees is widely cul-
tivated globally as commodity crops (e.g., cocoa [Theo-
broma cacao], coffee [Coffea spp.] and oil palm [Elaeis 
guineensis]; Dawson et al., 2013; Dawson et al., 2014b) 
in a variety of production systems, some of which har-
bour high levels of tree diversity, especially smallhold-
ings (Table 2.1). Tree foods are often rich sources of vi-
tamins, minerals, proteins, fats and other nutrients (FAO, 
1992; Ho et al., 2012; Leakey, 1999), although for many 
traditional and wild species such information is lacking 
or not reliable. A recent literature review on selected Af-
rican indigenous fruit trees conducted by Stadlmayr et al. 
(2013), for example, clearly showed their high nutritional 
value, but also highlighted the huge variability and low 
quality of some of the data reported in the literature. Ed-
ible leaves of wild African trees such as baobab (Adan-
sonia digitata) and tamarind (Tamarindus indica) are 
high in calcium and are sources of protein and iron (Ke-
hlenbeck and Jamnadass, 2014). Fruits from trees such 
as mango (Mangifera indica, native to Asia, but widely 
introduced through the tropics) are high in provitamin A, 
but there is a huge variability of almost 12-fold among 
different cultivars, as indicated by the colour of the fruit 
pulp (Shaheen et al., 2013). A child’s daily requirement 
for vitamin A can thus be met by around 25 g of a deep 
orange-fleshed mango variety, while 300 g of a yellow-
fleshed variety would be required. As another example, 
the iron contents of dried seeds of the African locust bean 
(Parkia biglobosa) and raw cashew nut (Anacardium oc-
cidentale) are comparable with, or even higher than, that 
of chicken meat (FAO, 2012), although absorption of 
non-haem iron from plant sources is lower than from ani-
mal sources. Iron absorption is enhanced by the intake of 
vitamin C, which is found in high amounts in many tree 
fruits (WHO/FAO, 2004). Consumption of only 10 to 20 g 
of baobab fruit pulp (or a glass of its juice), for example, 
covers a child’s daily vitamin C requirement. Increasing 
knowledge on the biochemical components of indigenous 
tree species that are not widely used in agriculture inter-
nationally remains an important area of research (Slavin 
and Lloyd, 2012; WHO/FAO, 2004).
Human foods from other (forest) sources
Bushmeat (wild meat), fish and insects can all be impor-
tant food sources. Bushmeat is often the main source of 
animal protein available to forest and forest-boundary 
communities, serving as an important source of iron and 
fat, and diversifying diets (Golden et al., 2011; Wilkie 
et al., 2005). It plays a particularly important role in 
diet where livestock husbandry is not a feasible option 
The case of allanblackia:  
integrating markets and cultiva-
tion to support the sustainable 
development of a new tree com-
modity crop
The seed of allanblackia (Allanblackia spp.), found wild 
in the humid forests of Central, East and West Africa, 
yields edible oil with a significant potential in the global 
food market, especially as a “hardstock” for the pro-
duction of healthy spreads that are low in trans-fats. 
The tree is being brought into cultivation by improv-
ing seed handling and developing vegetative propaga-
tion methods, and through the selection of markedly 
superior genotypes. Tens of thousands of seedlings and 
clones have so far been distributed to smallholders. 
The development of an allanblackia market has poten-
tial to improve smallholders’ livelihoods and support 
global health. A private–public partnership known as 
Novella Africa is developing a sustainable allanblackia 
oil business that could be worth USD hundreds of 
millions annually for local farmers. The partnership al-
lows different stakeholders with different interests and 
organisational capacities to work together. 
A supply chain for seed has been established based on 
harvesting by local communities in natural forests and 
from trees remaining in farmland after forest clearance. 
The integration of allanblackia into small-scale cocoa 
farms is being promoted in West Africa to support 
more biodiverse and resilient agricultural landscapes. 
As allanblackia trees grow, cocoa trees provide the 
shade they need; when they are grown, they in turn 
will act as shade for cocoa. Cocoa and allanblackia 
provide harvests at different times of the year and – 
when the allanblackia trees have matured – will spread 
farmers’ incomes.
Adapted from Jamnadass et al. (2010, 2014).
Box
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Examples of tree-species-rich agroforests in Africa, Asia and Latin America, with information on 
tree uses and with particular reference to possible human food use. These case studies indicate that dozens 
and sometimes hundreds of tree species can be found in agroforestry landscapes in the tropics, with a wide 
range of species contributing directly to food production (adapted from Dawson et al., 2014b)
Reference Location Tree diversity Tree uses
Das and Das 
(2005)
Barak Valley,  
Assam, India
87 tree species identi-
fied in agroforestry 
home gardens
Farmers indicated a mean of 8 species used as edible fruit 
per home garden, many of which were indigenous. Fruit 
trees were more dominant in smaller gardens. ~ 5 species 
per garden used for timber, 2 for woodfuel
Garen et al. 
(2011)
Los Santos and 
Rio Hato, Panama
99 tree species, 3/4 
indigenous, utilised, 
planted and/or pro-
tected on farmers’ land
~ 1/3 of species valued for human food. 27 mostly exotic 
fruits mentioned as planted. ~ 1/3 of species each valued 
for their wood or as living fences. > 60 % of species were 
assigned multiple uses
Kehlenbeck et al. 
(2011)
Surrounding 
Mount Kenya, 
Kenya
424 woody plant spe-
cies, 306 indigenous, 
revealed in farm plots
Farmers indicated many species used for food. 7 of the 10 
most common exotic species were planted, mainly for ed-
ible fruits/nuts. The most common indigenous species were 
used primarily for timber/firewood
Lengkeek et al. 
(2003)
East of Mount 
Kenya, Kenya
297 tree species, ~ 2/3 
indigenous, revealed in 
smallholder farms
Farmers indicated that > 20 % of species yield fruits/nuts for 
human consumption. The most common exotic was coffee, 
then timber trees
Marjokorpi and 
Ruokolainen 
(2003)
Two areas of 
West Kalimantan, 
Indonesia
> 120 tree species 
identified in forest 
gardens, most species 
not planted
Farmers indicated ~ 30 % of species used for edible fruit, 
latex and in other non-destructive ways, ~ 50 % used for 
timber and in other destructive ways. Seedlings of unused 
trees removed around naturally-regenerating and intention-
ally-planted fruit/other useful trees
Philpott et al. 
(2008)
Bukit Barisan 
Selatan Park, 
Lampung prov-
ince, Sumatra, 
Indonesia
92 and 90 trees species 
identified in coffee farm 
plots outside and inside 
the park, respectively
> 50 % of farmers grew a total of 17 other products in 
addition to coffee, including spices, timber and, most com-
monly, indigenous and exotic fruits. Farmers planting outside 
the park grew alternative tree products more often
Sambuichi 
and Haridasan 
(2007)
Southern Bahia, 
Brazil
293 tree species, 97 % 
indigenous, revealed in 
cacao plantation plots 
in forest understory
Many indigenous trees used for food. Seedlings favoured for 
retention during weeding were those providing edible fruit 
or good wood. The most abundant exotics were  
fruit species
Sonwa et al. 
(2007)
Yaoundé,  
Mbalmayo  
and Ebolowa  
sub-regions, 
Cameroon
206 mostly indigenous 
tree species revealed 
in cacao agroforestry 
plots 
Farmers indicated 17 % of tree species used primarily for 
food, 2/3 of which were indigenous. 22 % of tree species 
primarily for timber, 8 % for medicine. Excluding cacao, the 3 
most common species (2 indigenous) were used for food. 
Close to urban Yaoundé, the density of food trees was higher. 
Table
2.1
and where wild fish are not available (Brashares et al., 
2011; Elliott et al., 2002). The hunting of animals and 
eating of bushmeat also play special roles in the cultural 
and spiritual identity of indigenous peoples (Nasi et al., 
2008; Sirén, 2012). For example, more than 580 animal 
species, distributed in 13 taxonomic categories, are used 
in traditional medicine in the Amazon region (Alves and 
Alves, 2011). 
Consumption patterns for bushmeat can vary widely 
(Chardonnet, 1996; Fargeot and Dieval, 2000; Wilkie et 
al., 2005), but hunting has been estimated to provide 30 
to 80 percent of the overall protein intake of rural house-
holds in parts of Central Africa and nearly 100 percent 
of animal protein (Koppert et al., 1996). Numerous 
studies in Latin America have shown the importance 
of bushmeat (Iwamura et al., 2014; Peres, 2001; 2012; 
Van Vliet et al., 2014; Zapata-Rios et al., 2009). In the 
Amazon, for example, rural consumption is believed to 
equal ~150,000 tonnes annually, equivalent to ~ 60 kg 
per person (Nasi et al., 2011). 
In China, increasing affluence in major consumer 
markets has led to spiralling demand for many wild ani-
mals, a demand that is supported by improvements in 
transport infrastructure. Pangolins and turtles used for 
meat and in traditional Chinese medicine are the most 
frequently encountered mammals seized from illegal 
traders (TRAFFIC, 2008), with major markets also in 
Singapore and Malaysia. Bushmeat sales can constitute 
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a significant source of revenue for rural communities, 
particularly where trade is driven by increased consump-
tion in urban areas (Milner-Gulland and Bennett, 2003). 
Urban consumers may have a choice of several sources 
of animal protein but opt for bushmeat for reasons of 
preference or cost relative to alternatives (Wilkie et al., 
2005). Surveys of bushmeat markets are a useful way to 
estimate the state of fauna and to infer the sustainability 
of hunting activities (Fa et al., 2015). 
The value of fish as a nutritious food is well estab-
lished (Kawarazuka and Béné, 2011). In many tropical 
forests, wild fish represent the main source of animal 
protein in the diet, outweighing the importance of bush-
meat (cf. daSilva and Begossi, 2009 for the Amazon; 
Powell et al., 2010 for Laos; Wilkie et al., 2005 for Ga-
bon). In the Rio Negro region of the Brazilian Amazon, 
for example, da Silva and Begossi (2009) found that fish 
caught in flooded forests and in forest rivers accounted 
for 70 percent of animal protein in the diet, excluding 
other aquatic species such as turtles. The importance of 
insects as a source of food has recently regained atten-
tion (FAO, 2013b). Insects are a cheap, available source 
of protein and fat, and to a lesser degree carbohydrate. 
Some species are also considered good sources of vita-
mins and minerals (Dunkel, 1996; FAO, 2013b; Schabel, 
2010). Many forests and agroforests are managed by lo-
cal communities to enhance edible insect supply (John-
son, 2010). For example, sago palms (Metroxylon spp.) 
are managed in forest-agriculture landscape mosaics in 
Papua New Guinea and eastern Indonesia to support 
grub production (Mercer, 1997). The global importance 
of insects as a food source is difficult to evaluate, as 
statistics are mostly restricted to a few specific studies. 
For example, a study of the Centre for Indigenous Peo-
ples’ Nutrition and Environment and FAO evaluated the 
nutritional and cultural importance of various traditional 
food items of 12 indigenous communities from different 
parts of the world, and found that leaf-eating and litter-
feeding invertebrates provide many Amerindian groups 
with important foods that can be collected year-round 
(Kuhnlein et al., 2009).
Tree products that support human food 
production and consumption
Trees provide animal fodder, enabling communities to 
keep livestock that provide them with nutritionally im-
portant milk and meat. They also provide green manure 
that replenishes soil fertility and supports annual crop 
production, as well as woodfuel that provides energy 
(Jamnadass et al., 2013). In the case of fodder produc-
tion, for example, a recent initiative in East Africa in-
volved more than 200,000 smallholder dairy farmers 
growing mostly introduced fodder shrubs (especially 
calliandra, Calliandra calothyrsus) as supplementary 
feed for their animals (Franzel et al., 2014). The typi-
cal increase in milk yield achieved enabled smallhold-
ers to raise extra revenue from milk sales of more than 
USD 100 per cow per year and allowed them to provide 
more milk more efficiently to urban consumers (Place 
et al., 2009). Such tree-and shrub-based practices for 
animal fodder production increase farmers’ resilience to 
climate change (Dawson et al., 2014a). Many tree and 
other forest products are also used in ethnoveterinary 
treatments that support animal health and hence human 
food production (Dharani et al., 2014).
In the case of soil fertility replenishment, an analysis 
of more than 90 peer-reviewed studies found consistent 
evidence of higher maize yields in Africa from plant-
ing nitrogen-fixing green fertilisers, including trees and 
shrubs, to substitute for (or enhance) mineral fertiliser 
application, although the level of response varied by soil 
type and the particular management applied (Sileshi et 
al., 2008). A recent project in Malawi, for example, en-
couraged more than 180,000 farmers to plant fertiliser 
trees, leading to improvements in maize yields, more food 
secure months per year and greater dietary diversity (CIE, 
2011). As well as increasing average yields, the planting 
of trees as green fertilisers in Southern Africa stabilised 
crop production in drought years and during other extreme 
weather events, and improved crop rain use efficiency 
(Sileshi et al., 2011; Sileshi et al., 2012), contributing to 
food security in the context of climate change in the re-
gion. Supporting the regeneration of natural vegetation 
in agroforestry systems also provides significant benefits 
for the production of staple crops, with farmer-managed 
natural regeneration (FMNR) of faidherbia (Faidherbia 
albida) and other leguminous trees in dryland agrofor-
ests (parklands) in semi-arid and sub-humid Africa being 
a good example. Supported in Niger by a policy shift that 
has awarded tree tenure to farmers, as well as by more 
favourable wetter weather, since 1986 FMNR is reputed 
to have led to the “regreening” of approximately 5 million 
Boy spear-fishing in riverine forest outside of Luang Prabang, 
Laos.Photo © Terry Sunderland
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hectares (Sendzimir et al., 2011). Improvements in sor-
ghum and millet yields, and higher dietary diversity and 
household incomes, have resulted in some Sahelian loca-
tions (Place and Binam, 2013).
Traditional energy sources have received little atten-
tion in current energy debates, but firewood and char-
coal are crucial for the survival and well-being of as 
many as two billion people, enabling them to cook food 
to make it safe for consumption and palatable, and to 
release the energy within it (Owen et al., 2013; Wrang-
ham, 2009). In sub-Saharan Africa, for example, where 
perhaps 90 percent of the population relies on woodfuels 
for cooking (GEF 2013; IEA, 2006), the use of char-
coal as a cooking fuel is still increasing rapidly, with the 
value of the charcoal industry there estimated at USD 
8 billion in 2007 (World Bank, 2011). In Asia, even 
better-off rural households have often been observed to 
be highly dependent on woodfuels, as found by Narain 
et al. (2005) for India, the Government of Nepal (GN, 
2004) for Nepal, and Chaudhuri and Pfaff (2002) for Pa-
kistan. With the volatile and often high price of “mod-
ern” energy sources, this situation is unlikely to change 
for some time, a fact often neglected in policy discus-
sions on “energy futures” in low-income nations, which 
place unrealistic emphasis on “more modern” energy 
sources, rather than attempting to make woodfuel pro-
duction and use more efficient and sustainable (Iiyama 
et al., 2014a; Schure et al., 2013). Access to cooking fuel 
provides people with more flexibility in what they can 
eat, including foods with better nutritional profiles that 
require more energy to cook (Njenga et al., 2013). The 
cultivation of woodlots allows the production of wood 
that is less harmful when burnt (Tabuti et al., 2003), 
has higher energy content and requires less time for 
collection (freeing time for other activities; Thorlakson 
and Neufeldt, 2012). This is particularly beneficial for 
women, who do most of the woodfuel collection and the 
cooking, and whose health suffers most from cooking-
smoke-related diseases (Bailis et al., 2005). Previously 
collected sources of fuel can then be used for other more 
beneficial purposes that support food production (e.g., 
not cutting fruit trees for fuel; Brouwer et al., 1997; 
Köhlin et al., 2011; Wan et al., 2011).
2.3.2 Dietary Choices, Access to Resources 
and Behavioural Change
Although trees and other forest plants can provide edible 
fruit, nuts and leaves, etc. that are often good potential 
sources of nutrients and are sometimes used in this re-
gard (see examples earlier in this chapter), it does not 
follow that they are used by humans for food. In this 
sense, long lists of edible non-timber forest products 
(NTFPs) (Bharucha and Pretty, 2010) can sometimes be 
misleading, as the presence of wild food species in lo-
cal forest and woodland landscapes does not necessarily 
mean that these are consumed. Termote et al. (2012) il-
lustrated this point with a survey around the city of Ki-
sangani in the Democratic Republic of the Congo, where 
a wide variety of wild food plants were found, but few 
contributed significantly to human diets, despite signifi-
cant local dietary deficiencies. The real contribution of 
these foods to diets therefore needs to be assessed by 
measurements of intake (as noted in Section 2.2).
When there is availability but relatively low NTFP-
food use in areas of dietary need, reasons can include the 
high labour costs involved in collection and processing, 
low yields, high phenotypic variability (with large propor-
tions of non-preferred produce), and lack of knowledge in 
the community. Regarding the last point, in eastern Niger 
and northern Burkina Faso, for example, women prepare 
protein-rich condiments from the seeds of wild prosopis 
(Prosopis africana) and zanmné (Acacia macrostachya) 
trees, respectively, but women in other parts of the Sahel 
(where the same trees are found) are not aware of these 
food values and do not harvest or manage woodlands for 
them (Faye et al., 2011). Research suggests that knowl-
edge on the use of such products is often higher among 
indigenous peoples than among immigrant communi-
ties, with knowledge being lost due to social change and 
“modernisation” (Kuhnlein et al., 2009; Moran, 1993). 
Within communities, cultural perceptions on who should 
eat particular foods, and when, are also important (Balée, 
2013; Hladik et al., 1993; Keller et al., 2006; Lykke et al., 
2002). Differences arise between genders and age groups 
with respect to specialised knowledge and preferences in 
tree use (Daniggelis, 2003). This is illustrated by the dif-
ferent relative use values assigned to plant products by 
different-aged respondents in the Yuracaré and Trinitario 
communities in the Bolivian Amazon, where older people 
generally had more recall on uses for particular categories 
of plant, but both young and old people assigned high use 
values to food products (higher than respondents in their 
mid-years; Thomas, 2008).
From the above discussion it is evident that the relation-
ship between the availability of food and its consumption 
is often complex, and simple surveys of absence/presence 
are therefore not in themselves adequate for understand-
ing diets (Webb and Kennedy, 2012). When collection 
costs, low yields and high proportions of non-preferred 
produce are factors inhibiting the use of wild sources, do-
mestication to increase productivity, quality and access 
can play an important role (Dawson et al., 2014b). This is 
exemplified by improvements in the performance of wild 
African fruit trees being brought into cultivation in partic-
ipatory domestication programmes in the Central African 
region (Jamnadass et al., 2011; Tchoundjeu et al., 2010). 
The option of cultivation also helps address the complex 
threats to the use of wild stands through a combination of 
over-harvesting, deforestation, the conflicting use of re-
sources and restricted (or uncontrolled) access to forests 
(Dawson et al., 2013; FAO, 2010; Vinceti et al., 2013). 
The conventional wisdom that cultivation will support 
the maintenance of wild stands for conservation purposes 
and provide sustainable access for wild harvesters (rather 
than cultivators) is, however, not widely supported (Daw-
son et al., 2013). 
When bringing trees from the wild into cultivation, 
an important aspect is to increase yields: if indigenous 
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trees are perceived as relatively unproductive and can 
only be produced inefficiently, agricultural landscapes 
are likely to be dominated by staple crops, with agro-
biodiversity (and hence, likely, dietary diversity) re-
duced (Sunderland, 2011). Since many tree species are 
essentially undomesticated, large increases in yield and 
quality are often available through selection, supporting 
cultivation; for example, this is the case for allanblackia 
(Allanblackia spp.), described further in Box 2.2 (Jamna-
dass et al., 2010). Lack of knowledge on appropriate tree 
management, however, can be a major limitation (Jamna-
dass et al., 2011). Increases in efficiency are important 
for markets, since price to the consumer is a significant 
factor influencing diet (Glanz et al., 2005; Ruel et al., 
2005; Story et al., 2008). Where limited access to extant 
forest foods is a major issue, approaches that support ac-
cess such as the development of community-based forest 
management plans can be beneficial (Schreckenberg and 
Luttrell, 2009), but wider efforts are required to include 
all significant stakeholders, and in particular women 
(Agarwal, 2001; Mitra and Mishra, 2011).
Household decision-making regarding food use and 
practice, mostly made by women, is influenced by levels 
of knowledge on nutrition (FAO, 1997; Jamnadass et al., 
2011). Translating the harvest and cultivation of tree and 
other forest foods into improved dietary intakes therefore 
involves making nutrition education and behavioural-
change communication to women a high priority (Mc-
Cullough et al., 2004). There is, for example, a need to un-
derstand how best to educate on the benefits of eating fruit, 
how to prepare nutritious foods, and how to access them 
(Hawkes, 2013; Jamnadass et al., 2011). Children can also 
be effective agents of change in societies, so teaching them 
about agriculture and nutrition is a wise investment (Sher-
man, 2003). In Kenya, for example, the “Education for 
Sustainable Development” initiative included a “Healthy 
Learning” programme targeted at school children that re-
sulted in attitudinal and behavioural changes in commu-
nities (Vandenbosch et al., 2009). Counselling to change 
feeding behaviours is important (Waswa et al., 2014), with-
in the appropriate context of culture and knowledge (Bisse-
leua and Niang, 2013; Smith, 2013). The education of men 
should also not be neglected, since they often have most 
control over household incomes, and need to be aware of 
the importance of diverse cropping systems and the spend-
ing of income on healthy foods (Fon and Edokat, 2012).
2.4 The Indirect Roles of Forests and 
Tree-based Systems 
2.4.1 Income and other Livelihood  
Opportunities
Income from non-timber forest products
Local communities derive income from timber and 
non-timber products in forests. In this subsection, the 
focus is on the latter, although research in the countries 
of the Congo Basin, as well as in Indonesia, Ecuador 
and elsewhere, shows that there is a large and vibrant – 
and largely informal – domestic timber sector that sup-
ports the livelihoods of hundreds of thousands of local 
forest users (Cerutti and Lescuyer, 2011; Lescuyer et al., 
2011). In many countries, however, laws for timber ex-
traction were designed largely around large-scale export-
oriented forestry operations rather than to sustain healthy 
small-scale domestic markets, which can be criminalised, 
generating large revenues in bribes for unscrupulous state 
officials (Cerutti et al., 2013). There are in turn, some en-
couraging efforts to change forest and resource govern-
ance rules to favour strengthened local rights (Campese 
et al., 2009).
In addition to providing food directly, a multitude of 
NTFPs harvested from natural, incipiently- and/or semi-
domesticated forests and woodlands provide a range of 
resources that are used by harvesters directly for other 
purposes, or are sold for income that can be used to 
purchase a variety of products, including food. The in-
creased demand for forest products in low-income na-
tions, prompted by population growth and urbanisation, 
provides particular opportunities to enhance rural live-
lihoods (Arnold et al., 2006). Difficulties in adequately 
quantifying NTFP value, however, include the multiplic-
ity of products, informal trade and bartering that occur in 
unmonitored local markets, direct household provisioning 
without products entering markets at all, and the fact that 
wild-harvested resources have been excluded from many 
large-scale rural household surveys (Angelsen et al., 
2011; Shackleton et al., 2007; Shackleton et al., 2011). 
The heterogeneity of challenges to harness the income- 
and livelihood-generating opportunities from these tree 
products include the diversity of markets and of market 
structures of which they are part (Jamnadass et al., 2014).
Despite difficulties in quantification, some overall 
estimates of value have been attempted. Pimentel et al. 
(1997), for example, estimated very approximately that 
USD 90 billion worth of food and other NTFPs were 
harvested annually from forests and trees in developing 
countries. FAO’s latest (2010) Global Forest Resourc-
es Assessment (FRA) provided more recent estimates 
(based on 2005 figures), with worldwide values given 
of USD 19 billion and 17 billion annually for non-wood 
forest product- and woodfuel-removals, respectively. The 
data compiled for the FRA were, however, acknowledged 
to be far from complete (one problem is that, when they 
do report value for NTFPs, many countries only do so for 
the “top” few species of commercial importance; FAO, 
2010). A good illustration of the discrepancy between 
current estimates of importance comes from comparing 
the value of woodfuel reported for Africa (most wood-
fuel is harvested from naturally-regenerating rather than 
planted sources in the continent) in the 2010 FRA (USD 
1.4 billion annually) with the World Bank’s (2011) much 
higher estimate of the value of the charcoal industry in 
the sub-Saharan region (USD 8 billion annually; quoted 
in Section 2.3; see also FAO, 2014). There is also some 
confusion regarding the meaning of the term “income” 
in estimates: some studies use it to mean the cash made 
from selling products; perhaps more commonly, howev-
er, the term is used in the sense of the “environmental 
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income” from the diversity of goods provided “freely” by 
the environment, which includes the often higher value of 
subsistence extraction (Angelsen et al., 2014).
In recent years, more appropriate and systematic meth-
ods have been used to quantify the value of such prod-
ucts, including by the Poverty Environment Network 
(PEN), which compiled a comparative socio-economic 
data set from 8,000 households in 24 low-income tropi-
cal nations, focusing on tropical forest use and poverty 
alleviation (PEN, 2015; Wunder et al., 2014). The results 
of PEN revealed that, for the surveyed communities, en-
vironmental income constituted 28 percent of total house-
hold income, around three-quarters of which came from 
forests (with the highest proportion coming from forests 
in Latin America; Angelsen et al., 2014). According to 
the PEN analysis, across all sampled communities the 
major products and their contributions to forest income 
were woodfuel (firewood and charcoal, 35 percent), food 
(30 percent) and structure/fibre products (25 percent). 
There is variation between geographic regions in the im-
portance of particular products to surveyed communities, 
with foods for example, being more important from forest 
sources in Latin America than in Africa, and the reverse 
being true for woodfuel. The PEN data also indicated that 
lower income classes were proportionally more depend-
ent on NTFPs, partly because they have less access to 
private resources, although better-off households earned 
more in absolute terms (Angelsen et al., 2014; Wunder et 
al., 2014). 
A wide range of other studies have also indicated an 
important role for NTFPs in supporting rural peoples’ 
livelihoods (Table 2.2). NTFPs are a common “safety net” 
for rural households in response to shocks and as gap-
filling to seasonal shortfalls, and in some instances allow 
asset accumulation and provide a pathway out of pover-
ty (Angelsen and Wunder, 2003; Mulenga et al., 2012; 
Shackleton and Shackleton, 2004). The involvement of 
women, who have limited access to land and capital re-
sources, in NTFP trade can have positive effects on intra-
household equity (e.g., Kusters et al., 2006; Marshall et 
al., 2006). However, connecting such data with food con-
sumption – through direct provisioning or through sales 
that are used to support food purchase and dietary diver-
sity – is a different matter, and much less information is 
available (Ahmed, 2013). Given that much of the collec-
tion of NTFPs is done by women and children, they suffer 
more when access to resources is restricted or if resources 
are depleted (Agarwal, 2013).
As noted above and as is evident from Table 2.2, wood-
fuel is an important NTFP in many locations, which al-
lows the preparation of food (Section 2.3). In contrast to 
subsistence firewood collection, traditionally handled by 
women and children, charcoal production is mainly an ac-
tivity undertaken by men (Ingram et al., 2014), although 
the growing participation of women has been reported in 
some locations, such as in Zambia and northern Tanza-
nia (Butz, 2013; Gumbo et al., 2013). Who benefits most 
from production depends on the specific context (Butz, 
2013; Khundi et al., 2011; Schure et al., 2014; Zulu and 
Richardson, 2013). Charcoal production provides a good 
illustration of some of the dilemmas for intervention in 
NTFP harvest and trade since it is often based on unsus-
tainable practices that are sometimes illegal (Mwampam-
ba et al., 2013). Its value chain is generally affected by a 
complex and multi-layered regulatory context that is un-
clear for stakeholders (Iiyama et al., 2014b; Sepp, 2008). 
Interventions have rarely been effective, with economic 
rents accruing to the transport/wholesale stages of the 
value chain, as well as in bribes to those engaged in the 
illicit licence trade (Naughton-Treves et al., 2007). Partly 
as a result, producer margins are often low (Mwampamba 
et al., 2013).
Commercialising the wild harvest of NTFPs has been 
widely promoted as a conservation measure, based on the 
assumption that an increase in resource value is an in-
centive for collectors to manage forests and woodlands 
more sustainably (FAO, 2010). Experience shows, how-
ever, that the concept of commercialisation and conserva-
tion proceeding in tandem is often illusory (Belcher and 
Schreckenberg, 2007), as more beneficial livelihood out-
comes are generally associated with more detrimental en-
vironmental outcomes (Kusters et al., 2006). The harvest 
of fruit from the argan tree (Argania spinosa), endemic to 
Morocco, is a good illustration of the dilemmas involved. 
The oil extracted from the kernels of argan fruit is one of 
the most expensive edible oils (as well as being used for 
cosmetic purposes) in the world and development agen-
cies have widely promoted a “win-win” scenario for rural 
livelihoods and argan forest health based on further com-
mercialisation (Lybbert et al., 2011). As Lybbert et al., 
showed, however, while the booming oil export market 
has benefited the local economy, it has also contributed to 
forest degradation. Thus, although the commercialisation 
of NTFP harvesting can contribute to livelihoods, not too 
much should be expected from it in terms of supporting 
sustainability, even if measures to engage in cultivation 
are taken (see Section 2.3; Dawson et al., 2013).
Carrying bushmeat in Vietnam.
Photo © Terry Sunderland
36
2 UNDERSTANDING THE ROLES OF FORESTS AND TREE-BASED SYSTEMS IN FOOD PROVISION 
Case studies indicating the proportional contribution of non-timber forest products to house-
hold budgets. The examples given show that the scale of the contribution varies widely, depending on 
context and wealth group, with often higher proportional contributions to poorer households
Reference Location Land use type
% household
 income **
Further information
Shackleton et 
al. (2007)
South Africa Natural forest 20
Appiah et al. 
(2007)
Ghana Natural forest 38
Kamanga et al. 
(2009)
Malawi Forest, farmland 15 (17 P, 7 W) Woodfuel, fodder, etc.
Babulo et al. 
(2009)
Northern Ethiopia Natural forest 27 Woodfuel, farm implements, construction 
materials, wild foods, medicines
Yemiru et al. 
(2010)*
Southern Ethiopia Forests (participatory 
management)
(53 P, 23 W)
FAO (2011) Mozambique Natural forest 30 Woodfuel, fruit, mushrooms, insects, 
honey, medicines
 FAO (2011) Sahel Parkland, savannah 
woodland
80 Shea nut 
Mulenga et al. 
2011
Zambia Natural forest 32 Woodfuel, wild honey, mushrooms, 
ants, caterpillars
Heubach et al. 
(2011) 
Northern Benin Natural forest 39
Adam and 
Pretzsch 
(2010)
Sudan Savannah woodland 54 Ziziphus fruits
Ingram et al. 
(2012)
Congo Basin Natural forest 47
Pouliot (2012) Burkina Faso Parkland, forest 28  
(43 P, 18 W)
Shea nut, woodfuel, locust bean pod, 
baobab fruit and leaves, fodder,  
thatching grass
Pouliot and 
Treue (2013)*
Ghana, Burkina Faso Grassland, bushland, 
farmland, forest
Ghana  
(45 P, 20 W); 
Burkina Faso 
(42 P, 17 W)
Woodfuel, wild foods, fodder,  
construction materials, medicines
Bwalya (2013) Zambia Natural forest, 
woodland
30 Honey, mushrooms, tubers, berries, 
woodfuel, construction poles
Kar and  
Jacobson 
(2012)
Bangladesh Forest-adjacent hilly 
areas
(16 P, 9 W) Bamboo, wild vegetables, broom grass
Vedeld et al. 
(2004)
Review of 54 studies 
in 17 countries
20, ~ half as 
cash income
Woodfuel, wild foods, animal fodder, etc.
Table
2.2
* Studies conducted under the Poverty Environment Network (PEN).
* * Average for the sample, and/or (in parentheses) the range of contribution between poorer (P) and wealthier (W) groups. Values normally 
expressed in terms of environmental income.
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Income from cultivated tree crops 
Examples from Africa of widely-traded agroforestry 
tree foods that support farmers’ incomes and consumers’ 
choices include the indigenous semi-domesticated and 
widely cultivated fruit safou (Dacryodes edulis, Schreck-
enberg et al., 2006), the indigenous incipient domesti-
cated njansang (Ricinodendron heudelotii, Ndoye et al., 
1998) and exotic mango. New domestic markets for fruit 
are developing in Africa as a result of recent investments 
by Coca Cola, Del Monte and others to source produce 
locally for juice manufacture, and also to meet growing 
demand from population growth and increased urbanisa-
tion (Ferris et al., 2014). Worldwide, products supplied 
from tree-crop systems are fundamental raw materials un-
derpinning the development of small scale to multibillion 
dollar industries. Coffee and cocoa are the most demand-
ed tree crop commodities, particularly in the developed 
world, by beverage- and confectionery-producing giants 
such as Mars Inc., Nestlé and Cadbury, among others.
Women have particular opportunities to earn income 
from fruit and vegetable production because of their tra-
ditional involvement in harvesting and processing (Kiptot 
and Franzel, 2011), thereby supporting the expenditure of a 
greater proportion of the family income on food, although 
men may “co-opt” tree-based enterprises when they be-
come more profitable (Jamnadass et al., 2011). Women are 
also more likely to grow a wider range of trees in the farm 
plots they control, including food trees (FAO, 1999).
There are still glaring gaps in the knowledge and ef-
forts to realise the full potential of indigenous food trees, 
specifically in terms of production and trade status, and 
in the operation of value chains (Jamnadass et al., 2011). 
Big challenges to market engagement are the perishabili-
ty of many fruits, combined with the geographic distance 
to larger market centres and the lack of suitable infra-
structure, lack of market information, and value chains 
biased against small producers (Gyau et al., 2012). In 
addition to foods, the production of timber and other 
agroforestry tree products (AFTPs) for markets also pro-
vide incomes for food purchase. The high commercial 
value of timber planting in smallholdings pan-tropically 
is confirmed by the partial economic data available for 
the sector (e.g., for teak [Tectona grandis] in Indonesia 
see Roshetko et al., 2013; for acacia in Vietnam [Acacia 
mangium and A. auriculiformis] see Fisher and Gordon, 
2007; Harwood and Nambiar, 2014). Many trees are also 
cultivated to provide medicines from bark, leaves, roots, 
etc., which are sold to support incomes and are used for 
self-treatment, supporting the health of communities 
along with the provision of healthy foods (Muriuki et al., 
2012); however markets remain largely informal (Mc-
Mullin et al., 2012; McMullin et al., 2014). 
Market data recorded for agroforestry tree products are 
relatively sparse, but information on export value glob-
ally is quantified for major tree commodity crops such as 
palm oil, coffee, rubber (from Hevea brasiliensis), cocoa 
and tea (primarily from Camellia sinensis). Each of these 
crops is grown to a significant extent by smallholders, as 
illustrated in Indonesia where, in 2011, small farms were 
estimated to contribute 42 percent, 96 percent, 85 percent, 
94 percent and 46 percent of the country’s total production 
area for palm oil, coffee, rubber, cocoa and tea, respec-
tively (GI, 2015). Unlike Indonesia, many countries do not 
formally differentiate between smallholder and larger-scale 
plantation production, but more than 67 percent of coffee 
produced worldwide is estimated to be from smallhold-
ings (ICO, 2015), while the figure is 90 percent for cocoa 
(ICCO, 2015). Although in the 20th century there was a 
general transition from plantations to smallholder produc-
tion for a number of tree crops, in some regions this may 
now be being reversed (Byerlee, 2014). 
Taken together, the current annual export value of 
the above five tree commodity crops is tens of billions 
of USD, while other cultivated tree crops (such as avoca-
dos, cashews, coconuts, mangoes and papayas) also pro-
vide additional valuable contributions (Figure 2.3; FAO, 
2015). Total production of these crops and their export 
value have grown in recent decades, with FAOSTAT data 
showing that export values have increased at a rate rough-
ly four times faster than that of production. Less clear is 
the proportion of the export value that accrues to small-
holder producers, but often production constitutes a con-
siderable proportion of farm takings. It is estimated that 
cocoa accounts for 80 percent of smallholders’ incomes 
in Bolivia, while in Ghana it provides livelihoods for over 
700,000 farmers (Kolavalli and Vigneri, 2011). 
There is a danger that the planting of some tree com-
modities will result in the conversion of natural forest 
– which contains important local foods – to agricultural 
land, and a risk that food crops will be displaced from 
farmland in a trend towards the growing of monocultures 
(e.g., oil palm, the cultivation of which has led to the 
wide-scale loss of forest and agrobiodiversity; Danielsen 
et al., 2009). Although it has often been suggested that 
intensive monocultures raise productivity and therefore 
reduce the amount of forested land that needs to be cut 
for crop cultivation (leaving forest food sources intact), 
there are few quantitative data to support the notion that 
“land sparing” is more effective than “land sharing” as a 
conservation strategy (Balmford et al., 2012; Tscharntke 
et al., 2012; see discussion in Chapter 5).
There is an important opportunity to diversify risks 
associated with the reliance on a few cash tree crops into 
other tree crops whose domestic production and export 
Moabi seeds contain highly valuable oil which is used for  
cooking, traditional healing and cosmetics. 
Photo © Terry Sunderland
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markets are growing steadily and rapidly, while also 
meeting food security and nutritional needs of the grow-
ing population. For example, currently, the global sup-
ply of fruits and vegetables falls, on average, 22 percent 
short of population need according to nutrition recom-
mendations, while low income countries fall on average 
58 percent short of need (Siegel et al., 2014). Although 
tree crop cultivation provides opportunities for farm-
ers to diversify and minimise risk, especially for prod-
ucts that can be consumed by the family as well as sold 
(Jamnadass et al., 2011), buying food using the income 
received from a single commodity cash crop can lead 
to food insecurity for individual farm households when 
payments are one-off, delayed or volatile in value. Simi-
larly, individual countries can become too dependent on 
one or a few commodities, with significant fluctuations 
in GDP, dependent on unpredictable world prices (Jam-
nadass et al., 2014). Monocultures of tree commodi-
ties also reduce resilience to shocks such as drought, 
flood and, often (although not always), the outbreak of 
pests and diseases. As a result, tree commodity crops 
are sometimes viewed sceptically within agricultural 
production-based strategies to improve nutrition (FAO, 
2013a). For farmers who have too little land to cultivate 
enough food to directly meet their needs, however, in-
come from tree commodity crops may be the only way 
to obtain sufficient food (Arnold, 1990).
2.4.2 Provision of Ecosystem Services
The Millennium Ecosystem Assessment (MA, 2005) pro-
vided a comprehensive overview of ecosystem services 
and much literature has been written on the subject. Here 
we provide a brief overview of key ecosystem services 
from forests and tree-based systems, and their roles in 
food security and nutrition.
Forests, agroforests and – to a certain extent – planta-
tions, provide important ecosystem services including: 
soil, spring, stream and watershed protection; microclimate 
regulation; biodiversity conservation; and pollination, all 
of which ultimately affect food and nutritional security 
(Garrity, 2004; Zhang et al., 2007). Multiple ecosystem 
service scan generally be fund in any single forest fragment 
(see Box 2.3). Forest users and farmers can be encouraged 
to preserve and reinforce these functions by payments for 
Global export values of a range of tree commodity crops over  
a twenty year period, 1991 to 2010 
Figure
2.3
Data were extracted from FAO (2015) and are combined figures for all nations providing information. Data for mangoes, 
mangosteens and guava are reported together. Given values include re-exports (i.e., import into one nation followed by 
export to another). Some commodities, such as coffee, cocoa and coconut, are exported in more than one form and 
total export values are therefore higher than those shown here (for each of these crops only the most important form 
by export value is given). The graph shows that there was a significant increase in export value for crops during the dec-
ade leading up to 2010, but that value was volatile. The most notable feature over the period was a sharp rise in palm oil 
export value. Note that local trade can also be significant for many of these products
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ecosystem services (PES), but more important in deter-
mining their behaviour is the direct products and services 
they receive from trees (Roshetko et al., 2007). Neglect of 
this fact by PES schemes has led to sub-optimal results 
(Roshetko et al., 2015). Opportunities for ecological inten-
sification (see Chapter 5) and for the better provision of en-
vironmental services to support food security vary by stage 
of the forest-tree landscape continuum (van Noordwijk et 
al., 2014 and see Chapter 3).
Forests, woodlands and trees elsewhere in landscapes 
play a vital role in controlling water flows, and prevent-
ing soil erosion and nutrient leaching, all of which are 
critical functions for food production systems (Bruinsma, 
2003). At the same time, green manures in agroforestry 
systems maintain and enhance soil fertility, supporting 
crop yields when external fertiliser inputs are not avail-
able or are unaffordable (see Section 2.3; Garrity et al., 
2010; Sanchez, 2002). Nitrogen-fixing trees have in par-
ticular received considerable attention for their ability to 
cycle atmospheric nitrogen in cropping systems (Sileshi 
et al., 2008; Sileshi et al., 2011; Sileshi et al., 2012). Mi-
croclimate regulation by trees in agroforestry systems, 
such as through the provision of a canopy that protects 
crops from direct exposure to the sun (reducing evapo-
transpiration), from extreme rainfall events and from high 
temperatures, can also promote more resilient and pro-
ductive food-cropping systems (Pramova et al., 2012). In 
Sahelian zones with long dry seasons, for example, trees 
provide an environment for the cultivation of nutritious 
leafy vegetables and pulses (Sendzimir et al., 2011).
Forest fragments modulate  
ecosystem services
Mitchell et al. (2014) provide empirical evidence that 
forest fragments influence the provision of multiple 
ecosystem service indicators in adjacent agricul-
tural fields. Their study looked simultaneously at six 
ecosystem services (crop production, pest regulation, 
decomposition, carbon storage, soil fertility and wa-
ter quality regulation) in soya bean fields at different 
distances from adjacent forest fragments that differed 
in isolation and size across an agricultural landscape 
in Quebec, Canada. The study showed significant ef-
fects of distance-from-forest, fragment isolation and 
fragment size on crop production, insect pest regula-
tion, and decomposition. Distance-from-forest and 
fragment isolation had unique influences on service 
provision for each of the ecosystem services meas-
ured. For example, pest regulation was maximised ad-
jacent to forest fragments (within 100 m), while crop 
production was maximised at intermediate distances 
from forest (150 m to 300 m). As a consequence, 
landscape multifunctionality depended on landscape 
heterogeneity: the range of field and forest frag-
ment types present. The study also observed strong 
negative and positive relationships between ecosys-
tem services that were more prevalent at greater 
distances from forest.
Box
2.3
Forests, and frequently agroforests, are centres of plant 
and animal biodiversity, protecting species and the genetic 
variation that is found with them, which may be essential for 
future human food security (Dawson et al., 2013). As already 
noted in Section 2.3, as well as being sources of existing 
and “new” foods, many already cultivated tree species have 
their centres of genetic diversity within forests, and these re-
sources may be crucial for future crop improvement. A good 
example is coffee, an important beverage globally, which is 
found wild in Ethiopian montane forests. These forests are 
under significant threat from agricultural expansion (La-
bouisse et al., 2008) and climate change (Davis et al., 2012). 
Economic “option value” analysis of wild coffee stands for 
breeding purposes – to increase yields, improve disease re-
sistances and for a lower caffeine content in the cultivated 
crop – shows just how important it is to implement more 
effective conservation strategies for Ethiopian forests (Hein 
and Gatzweiler, 2006; Reichhuber and Requate, 2007).
Pollination is one of the most studied ecosystem services, 
with perhaps the most comprehensive reviews of animal pol-
lination and how it underpins global food production being 
that of Klein et al. (2007). A diversity of trees in forests and 
in farmland can support populations of pollinator species 
such as insects and birds that are essential for the production 
of important human foods, including fruits in both forest and 
farmland, and a range of other important crops in farmland 
(Garibaldi et al., 2013; Hagen and Kraemer, 2010; for the 
specific case of coffee, see Ricketts et al., 2004; Priess et al., 
2007). For communities living in or around forests, pollina-
tion is therefore a crucial ecosystem service (Adams, 2012). 
Of course, forests and trees in agroforests provide important 
habitat for a range of other fauna that include the natural 
predators of crop pests (as well as sometimes being hosts for 
the crop pests themselves; Tscharntke et al., 2005).
Effects of distance-from-forest 
on pair-wise Spearman rank  
relationships between ecosystem 
service indicators
Figure
2.4
Source: Mitchell et al., 2014.
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2.5 Conclusions 
Foods provided by forests and  
tree-based systems 
There is increasing evidence of the importance of for-
ests and tree-based systems for supporting food produc-
tion and contributing to dietary diversity and quality, 
addressing nutritional shortfalls. By targeting particu-
lar species for improved harvest and/or cultivation, 
more optimal “portfolios” of species could be devised 
that best support communities’ nutrition year-round. 
An overall increase in the production through cultiva-
tion of a wide range of foods, including tree fruits and 
vegetables, is required to bridge consumption shortfalls. 
There is much further potential for the domestication 
of currently little-researched indigenous fruit trees to 
bring about large production gains, although more in-
formation is needed on the nutritional value of many of 
these species. Trees also provide other important prod-
ucts (e.g., fodder, green fertiliser, fuel) that support food 
production and use.
Dietary choices, access to resources and 
behavioural change
Dietary choices are complex and depend on more than 
just what potential foods are available to communities in 
their environments. Rather than assumptions based on 
availability, assessments of actual diet through dietary 
diversity studies and other related estimators are there-
fore crucial. Then, the reasons behind current limita-
tions in usage can be explored and possibly addressed. 
There are multiple targets to improve food choices, with 
women and children being key targets for education.
Income and other livelihood opportunities
NTFPs and AFTPs, including tree commodity crops 
within agroforestry systems, are important sources of 
revenue to local people and governments, which can 
support food supply. More is known about the eco-
nomic value of tree commodity crops than of other 
products, but recent initiatives have provided a clearer 
picture of the “environmental income” from NTFPs 
(though not necessarily for AFTPs). Only limited in-
formation is available on how cash incomes from these 
resources are spent with regard to promoting food and 
nutritional security, and there are clear dangers in rely-
ing on cash incomes from single commodity crops.
Provision of ecosystem services
Forests and tree-based production systems provide 
valuable ecosystem services that support staple crop 
production and that of a wider range of edible plants. 
Many tree species that are important crops globally 
require pollinators to produce fruit. The presence of 
these pollinators is supported by forests and diverse 
cropping systems. More is known about the environ-
mental service provisioning of tropical humid forests 
than of dry forests (Blackie et al., 2014).
Outstanding gaps
The value of the “hidden harvest” of edible forest foods, 
and the cultivation of trees by smallholders, is evident 
from this chapter. To maximise future potential, greater 
attention from both the scientific and the development 
communities is required. In particular, the develop-
ment of a supportive policy framework requires proper 
attention to both the forestry and agriculture sectors in 
tandem. For this to take place, a better quantification 
of the relative benefits received by rural communities 
from different tree production categories is required, 
supported by an appropriate typology for characterisa-
tion (de Foresta et al., 2013). Despite recent advances 
such as PEN (2015), data are still required to quantify 
roles in supporting food and nutritional security that 
include dietary diversity measurements.
Policies that support communities’ access to forest 
and that encourage the cultivation of tree products are 
required. Required reforms include more favourable 
land tenure arrangements for smallholders, in how farm-
ers obtain tree planting material, and in the recognition 
of agroforestry as a viable investment option for food 
production (Jamnadass et al., 2013). Research should 
support food tree domestication options appropriate 
for meeting smallholders’ needs. Emphasis should be 
placed on mixed agroforestry production regimes that 
can help to avoid many of the negative effects described 
in Section 2.4, by combining tree commodities in di-
verse production systems with locally-important food 
trees, staple crops, vegetables and edible fungi. Such 
regimes include shade coffee and shade cocoa systems 
(Jagoret et al., 2011; Jagoret et al., 2012; SCI, 2015), 
which increase or at least do not decrease commod-
ity yields and profitability (Clough et al., 2011). Such 
Pineapple – here in a homegarden in Cuba – is rich in  
manganese and vitamin C. 
Photo © Stephanie Mansourian
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systems have often been practised traditionally, but are 
now being actively encouraged through schemes such 
as certification by some international purchasers of tree 
commodity crops (Millard, 2011). 
To support diverse production systems, genetic se-
lection for commodity crop cultivars that do well un-
der shade may be of particular importance (Mohan Jain 
and Priyadarshan, 2009). This may require returning 
to wild genetic resources still found in shaded, mixed-
species forest habitats, reinforcing the value of their 
conservation. Not all tree commodities are, however, 
amenable to production in diversified systems; for 
example, oil palm is not well suited (Donald, 2004). 
There are also opportunities to develop valuable new 
tree commodities that are compatible with other crops 
and that therefore support more agro-biodiversity. Fur-
ther research is also required to assess the complemen-
tarity and resilience of different crops in agroforestry 
systems under climate change, in the context also of 
other global challenges to food and nutritional security. 
The development of “nutrient-sensitive” value chains 
is also needed, which means improving nutritional 
knowledge and awareness among value-chain actors and 
consumers, focusing on promoting the involvement of 
women, and considering markets for a wider range of 
tree foods. By promoting tree food processing and other 
value additions, the non-farm rural economy can also 
be stimulated. As highlighted elsewhere in this publica-
tion, however, more research is required to understand 
the economic, environmental and other trade-offs for 
the different sectors of rural societies when the harvest-
ing of NTFPs is commercialised or they are planted (and 
perhaps are converted to new commodity crops; Daw-
son et al., 2014b), as the benefits and costs for different 
members of society vary. For example, wild harvesters 
without access to farmland can be disadvantaged when 
NTFPs become cultivated as AFTPs (Page, 2003). More 
work is therefore needed to ensure equitable relationships 
between the different participants in market supply chains 
(Marshall et al., 2006).
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3.1 Introduction
Forests1 and trees outside of forests have ensured the food 
security and nutrition of human populations since time im-
memorial. Throughout the world, forests and associated 
ecosystems have been managed to enhance their production 
of a vast array of wild, semi-domesticated and domesti-
cated foods, including fruits, nuts, tubers, leafy vegetables, 
mushrooms, honey, insects, game animals, fish and other 
wildlife (discussed in detail in Chapter 2). The develop-
ment and spread of crop agriculture and animal husbandry 
over the past few centuries, and particularly since the early 
20th century, has diminished dependence on forests for 
food security and nutrition in many societies, particularly 
those relying primarily on staple crops. Nonetheless forests 
and tree-based systems – which generally co-exist in the 
landscape with other land management practices - contin-
ue to play a very important role for food security and nutri-
tion, often complementing other food production systems, 
particularly on lands unsuited to other forms of agriculture 
due to soil productivity constraints. 
The earth’s diverse forest ecosystems and the human 
cultures associated with them through the course of his-
tory have produced a vast array of food systems connected 
to forests and trees. These forests and tree-based systems 
are based on the traditional wisdom, knowledge, practic-
es and technologies of societies, developed and enriched 
through experimentation and adaptation to changing en-
vironmental conditions and societal needs over countless 
generations (Altieri, 2002; Berkes et al., 2000; Colfer et 
al., 2005; Galloway-McLean, 2010; Parrotta and Trosper, 
2012). Traditional forest-related knowledge and farmer 
innovation have played a critical role in the development 
of highly diverse, productive and sustainable food pro-
duction systems within and outside of forests (Anderson, 
2006; Kuhnlein et al., 2009; Posey, 1999; Turner et al., 
2011). Starting early in the 20th century, when anthro-
pologists began documenting the ethnobotany and food 
production systems of indigenous and local communities 
worldwide, these forests and tree-based systems and the 
traditional knowledge upon which they are based have 
been “rediscovered” by a broader audience within the 
(formal) scientific community, principally among agri-
cultural scientists and ecologists.
A number of inter-related factors continue to drive the 
general shift from forests and tree-based systems towards in-
tensive agriculture (discussed in detail in Chapter 4). These 
include, among others, population growth, urbanisation, 
and the progressive movement from subsistence to market-
driven economies and food production systems required to 
serve growing numbers of consumers globally. The resultant 
increased demand for staples and other food crops has led to 
expansion of mechanised agriculture and livestock produc-
tion into forests and woodlands. This has frequently included 
introduction of crop and livestock species and production 
technologies developed under very different environmental 
and socio-cultural conditions. It should be noted, however 
that in some regions such as Amazonia, urbanisation has in-
creased the demand for, and production of, foods from for-
ests and tree-based systems (Padoch et al., 2008).
Deforestation continues unabated in many parts of the 
world, in large part the result of agricultural expansion 
and cattle ranching (particularly in Latin America) (FAO, 
2010), driven notably by urbanisation and globalisation 
of agricultural trade (c.f. De Fries et al., 2010; Rudel et 
al., 2009). Further, an increasing proportion of the world’s 
Abstract: Forests and tree-based systems are an important component of rural landscapes, sustaining 
livelihoods and contributing to the food security and nutritional needs of hundreds of millions of peo-
ple worldwide. Historically, these systems developed under a wide variety of ecological conditions, and 
cultural and socio-economic contexts, as integrated approaches that combined management of forest 
and agricultural areas to provide primarily for the needs of producers and their local communities. Today 
they serve food and nutrition demands of growing global populations, both urban and rural. Popula-
tion increase, globalisation, deforestation, land degradation, and ever-increasing demand and associated 
conflict for land (including forest) resources are placing pressure on these lands. Farmers have been 
encouraged to intensify food production on existing agricultural lands, by modifying some traditional 
practices (such as agroforestry) or abandoning others (such as shifting cultivation) that evolved over 
centuries to cope with biophysical constraints (e.g. limited soil fertility, climate variability) and changing 
socio-economic conditions. This chapter provides an overview of forests and tree-based systems and 
their role in enhancing food security and nutrition for rural communities and those served through 
the marketplace. The variability and viability of these management systems are considered within and 
across geographical regions and agro-ecological zones. Also discussed is the role of the social, cultural 
and economic contexts in which these systems exist, with a focus on three factors that affect the socio-
economic organisation of forests and tree-based systems, namely: land and tree tenure and govern-
ance, human capital (including knowledge and labour) and financial capital (including credit). How these 
biophysical and socio-economic conditions and their complex interactions influence food security and 
nutrition outcomes, particularly for vulnerable segments of the population (i.e., the poor, women and 
children), are of particular concern. 
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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remaining forests have been degraded both structurally 
and functionally. The drivers of forest degradation include 
unsustainable forest management for timber, fuelwood, 
wildlife and other non-timber forest products, overgraz-
ing of livestock within forests, and uncontrolled human-
induced fires, exacerbated in many regions by a number 
of factors, including climate change (Chazdon, 2014; 
Cochrane, 2003; ITTO, 2002; Thompson et al., 2012) and 
changing rural demographics (c.f. Uriarte et al., 2012). 
These trends are not encouraging, particularly in light 
of extensive and ongoing land degradation, i.e., the long-
term decline in ecosystem function and productivity 
caused by disturbances from which land cannot recover 
unaided. Land degradation currently affects hundreds of 
millions of hectares of agricultural lands and forests and 
woodlands, and an estimated 1.5 billion people who live 
in these landscapes (Zomer et al., 2009). Land degrada-
tion is the long-term result primarily of poor agricultural 
management (both historic and ongoing) associated with 
the expansion of extensive and intensive agricultural 
production practices into lands that are only marginally 
suitable for such activities. Without adequate organic or 
fossil fuel-derived fertilisers or other agricultural inputs 
(e.g. irrigation, pesticides, etc.) agricultural productivity 
typically declines in such areas, jeopardising food secu-
rity for producers and those who depend on them. 
In this chapter, we provide an overview of forests and 
tree-based systems and their role in enhancing food se-
curity and nutrition in rural communities. Our discussion 
includes not only management of forests, woodlands, 
agroforests and tree crops for direct food provisioning, 
but also the management of forested landscapes for the 
conditions they create that in turn affect other agricul-
tural systems. The continuum of systems included in our 
analysis covers managed forests to optimise yields of wild 
foods and fodder, shifting cultivation, a broad spectrum 
of agroforestry practices, and single-species tree crop 
production (see Figure 3.1). We consider the variability 
and applicability of these management systems within 
and across geographical regions and biomes (agro-eco-
logical zones). The social, cultural and economic contexts 
in which these systems exist and how they determine food 
security and nutrition outcomes are of particular concern. 
We therefore focus (in Section 3.4) on four factors that af-
fect the socio-economic organisation of forests and tree-
based systems, namely: land and tree tenure and govern-
ance; gender relations; human capital (including labour); 
and financial capital (including credit).
3.2 Forests and Tree-based Systems – 
An Overview
3.2.1 Historical Overview and the Role of 
Traditional Knowledge
Most of the forest and tree-based systems found in the 
world today have deep historical roots, developed and en-
riched over generations through experimentation and ad-
aptation to changing environmental conditions and soci-
etal needs. While the scientific community, development 
economists and policymakers have generally disregarded 
and under-valued local and indigenous knowledge, such 
knowledge and associated management practices continue 
to serve communities living in or near forests in meet-
ing their food security, nutrition and other health needs 
(Altieri, 2004; Cairns, 2007; Cairns, 2015; Johns, 1996; 
Kuhnlein et al., 2009; Parrotta and Trosper, 2012). 
Traditional knowledge includes such things as weath-
er forecasting, the behaviour, ecological dynamics, and 
health values of countless forest food species. It has been 
used to develop techniques for modifying habitats (as 
discussed in Section 3.2.2), enhance soil fertility, man-
age water resources, in the breeding of agricultural crops, 
domesticated trees and animals, and management of hab-
itats and species assemblages to increase their produc-
tion of food, fodder, fuel, medicine and other purposes 
(c.f., Altieri, 2004; Feary et al., 2012; Lim et al., 2012; 
The forest-tree-landscape continuum
FOREST-TREE-LANDSCAPE CONTINUUM 
Shifting cultivation Agroforestry
Single species tree  
crop production
Managed forests
* Photos 2 and 3 originally published as Figs. 4.6 and 10.2 in Parrotta and Trosper (2012) reprinted with kind permission from Springer Science+Business Media B.V.
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Oteng-Yeboah et al., 2012; Parrotta and Agnoletti, 2012; 
Pinedo-Vasquez et al., 2012; Ramakrishnan et al., 2012). 
An often-cited example of the sucessful application of 
traditional knowledge on a massive scale is the re-greening 
of the Sahel in Burkina Faso, Mali and Niger (Reij, 2014) 
where hundreds of thousands of poor farmers have turned 
millions of acres of what had become semi-desert by the 
1980s into more productive land. Traditional knowledge 
regarding shea nut (from the shea tree, Vitellaria paradoxa) 
harvesting and processing among women engaged in shea 
butter production in Ghana and Burkina Faso has led to 
local selection of trees for desired fruit and nut traits and 
culling of other trees for fuel or construction. This is ena-
bling the expansion of intensively-managed shea parklands 
to meet growing export markets (Carney and Elias, 2014).
The local and indigenous knowledge that underpins 
traditional forest- and tree-based systems is eroding in 
most parts of the world (Collings, 2009; Maffi, 2005; Par-
rotta and Trosper, 2012) as a result of a number of pres-
sures, notably shifts to a market-based economy, cultural 
homogenisation, and dramatic changes in governance ar-
rangements related to forest lands and trees outside of for-
ests in favour of state (or colonial) ownership and control 
(Garcia Latorre and Garcia Latorre, 2012; Jarosz, 1993; 
United Nations, 2009). Development and conservation 
policies that discourage the traditional forest management 
practices that have historically ensured food security with-
in indigenous and local communities have inevitably led to 
the loss of the traditional knowledge underpinning these 
practices (Collings, 2009; Parrotta and Trosper, 2012).
There is, however, a growing recognition of the value of 
traditional knowledge and innovation underpinning the man-
agement of forests and tree-based systems by indigenous 
and local communities worldwide. Beyond its importance 
for food security and nutrition, the forested landscapes that 
traditional management practices have produced can be ap-
preciated for their provision of ecosystem services (including 
carbon sequestration), as well as conservation of biological 
and cultural diversity (Cairns, 2015; De Foresta and Michon, 
1997; Fox et al., 2000; Palm et al., 2005; Swift et al., 1996).
Agroecology and ethnoecology are complementary approaches for understanding 
and systematising the ecological rationale inherent in traditional agriculture and 
enhancing sustainability of forest and tree-based systems
Figure
3.2
Source: Altieri (2004)
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Only recently have the scientific community and 
decision-makers in dominant societies begun to appre-
ciate the limitations of land use policies and the often 
unsustainable agricultural intensification practices that 
they have encouraged (c.f. Altieri, 2002; Sanchez, 1995). 
Part of this reassessment is a growing awareness of the 
value of forest-based food production systems and the 
traditional knowledge and wisdom that underpins them. 
Today, an increasing number of scientists in universities, 
research organisations and networks are involved in ef-
forts to better understand and apply knowledge of forests 
and tree-based systems to help farmers and communities 
to maintain, further develop, and extend the use of these 
management practices to meet current and emerging 
challenges (such as land and forest degradation, climate 
change adaptation, and market changes). A useful frame-
work for evaluating sustainability issues associated with 
these systems and the roles that agroecology, traditional 
knowledge and farmer innovation can all play in under-
standing and enhancing the resilience of forests and tree-
based systems is presented in Figure 3.2 (Altieri, 2004).
3.2.2 Managed Forests, Woodlands and 
Parklands
People living in and near forests have, for millennia, been 
altering forests in many ways and on many levels. Although 
precise estimates are difficult to obtain, as many as 1.5 bil-
lion people are thought to be dependent on forests (Chao, 
2012; Agrawal et al., 2013). Paleobotanical research in New 
Guinea by Hladik et al. (1993) has shown that people as early 
as the late Pleistocene (30,000-40,000 years ago) were ma-
nipulating the forest by trimming, thinning and ring-barking 
in order to increase the natural stands of taro, bananas and 
yams. Throughout the world, people have changed the diver-
sity and density of edible plant and animal species, modified 
the structure of forest stands and populations of food trees, 
made gaps in forests to plant crops in temporary clearings, 
introduced new species, burned understories, transplanted 
seedlings, changed watercourses, and substantially altered 
the nutritional, economic and biodiversity value of many if 
not most, forests we see today (c.f. Boerboom and Wiersum, 
1983; Sauer, 1969; Wiersum, 1997).
Fire is probably the most frequently cited and most 
effective management tool that past generations as well 
as today’s small farmers wield for changing and enrich-
ing forests and other areas with food and other useful 
plants. Fire is still widely used in shifting cultivation (or 
swidden) systems to temporarily increase soil fertility 
(through release of nutrients from standing vegetation), 
and in the management of both forests and grasslands 
around the world to enhance game production. Fire 
not only affects standing vegetation but also the soils 
upon which those forests stand and thus their potential 
productivity when cleared and planted to crops (Blate, 
2005; Hammond et al., 2007; Hecht, 2009; McDaniel et 
al., 2005; Nepstad et al., 2001).
Many forms of traditional and contemporary for-
est management for food (including the creation of 
multi-storied agroforests, the planting of diverse forest 
gardens or the management of shifting cultivation fal-
lows for food) have remained, with few exceptions, ei-
ther invisible to researchers and planners or condemned 
by governments and conservationists (Hecht et al., 2014). 
Even the many contributions that woodlands make to ag-
ricultural production outside of forests have been largely 
overlooked (Foli et al., 2014). 
There is little doubt that many of the forests that are 
now found throughout the tropics and elsewhere show the 
marks of management by people whether in the past or 
present (Balée, 2006). Often different types and patterns 
of forest manipulation have been superimposed in com-
plex patterns whose histories and even purposes are not 
easily deciphered or understood. These patterns of forest 
disturbance, management, or manipulation continue to be 
developed and adapted to emerging needs and changing 
environmental and socio-economic conditions (Pinedo-
Vasquez et al., 2012; Hecht et al., 2014). Rural com-
munities living in and near forests around the globe and 
throughout history, and belonging to various communi-
ties, have not only enhanced the nutritional and economic 
value of their environments by increasing the supply of 
plant-based foods, they have also changed – and often 
increased – the availability of favoured animal species. 
Simple categories of hunting, gathering and agriculture, 
simply do not fit the realities of many of these livelihood 
strategies, while “forest management” does not adequate-
ly describe the multifaceted nature of these processes and 
practices. Some examples are outlined in Box 3.1.
The examples cited above give only a glimpse of how 
tropical forests have been and continue to be managed for 
food in complex and subtle ways that defy conventional 
categorisation. Even these few examples, however, chal-
lenge the ahistorical view held by many that old forests, 
particularly those of the tropics are “primordial” (Balée, 
2006; Denevan, 1992) and question the facile dichotomi-
sation of forests into “pristine” and “degraded”. 
3.2.3 Shifting Cultivation Systems 
Shifting cultivation, also known as swidden (or, more 
pejoratively, “slash-and-burn”), encompasses a highly 
diverse range of land use practices that human societies 
worldwide have used to manage forests for food over 
the past 10,000 years. Shifting cultivation is practised 
in a variety of landscapes, from steeply sloped hilly ar-
eas to flat lands and low-lying valleys, and in a variety 
of ecosystems ranging from tropical moist forests to dry 
tropical forests and savannahs, grasslands, and seasonal 
floodplains (Thrupp et al., 1997). Until the 19th and even 
into the 20th century, shifting cultivation was common in 
the temperate zones of the Mediterranean and Northern 
Europe as well as in the southwestern and northeastern 
pine woodlands of North America (Dove, 1983; Dove et 
al., 2013; Warner, 1991). Currently, shifting cultivation is 
practised in over 40 countries in tropical regions of Af-
rica, South and Southeast Asia, and Latin America under 
a variety of environmental, social and political conditions 
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(Mertz, 2009). It remains the dominant form of agricul-
ture in many rural upland areas where it contributes to the 
creation of complex landscapes and livelihoods (Mertz et 
al., 2008; Raintree and Warner, 1986; Spencer, 1966).
While the importance of shifting cultivation for food 
security and nutrition in many tropical regions is indis-
putable, the numbers of people who depend on shifting 
cultivation and the land areas involved remain unclear. 
This is due to a general lack of useful demographic data, 
ethnographic studies, and explicit knowledge about the 
location and intensity of these practices, a failure of land 
cover/land use maps to identify these practices from the 
global to the sub-national scale (Mertz et al., 2009a; 
Padoch et al., 2007; Schmidt-Vogt et al., 2009). Earlier 
empirically-based assessments have yielded estimates 
of the numbers of people dependent on shifting cultiva-
tion ranging from 40 to more than 500 million worldwide 
(Russell, 1988; Goldammer, 1988; Kleinman et al., 1996; 
Sanchez et al., 2005). A more systematic study by Mertz 
et al. (2009a) provided conservative estimates of between 
14 and 34 million people engaged in shifting cultivation 
in nine countries in Southeast Asia alone. Similarly, accu-
rate estimates of land areas involved in shifting cultivation 
are also lacking, although it can be assumed that they in-
clude a significant proportion of the 850 million hectares 
of tropical secondary forests in Africa, Latin America and 
Asia (Mertz et al., 2008). There is a clear need for further 
research to provide more accurate estimates of shifting 
cultivator populations and land areas involved using a 
combination of remote sensing data, ethnographic studies 
Contemporary examples of forest management systems employed to enhance  
food security and nutrition in Southeast Asia and Amazonia
The ”Forest Gardens” of West Kalimantan 
On the island of Borneo there are significant forest stands that resemble “natural” forests but are in fact largely planted  
and are all heavily managed by farmers. A good example of such forests are the forest gardens that are commonly termed 
“tembawang” across the interior of the island. These complex forest gardens are largely found in what were once village 
sites and were originally formed by planting fruit trees and other trees around houses, by preserving useful species that 
came up spontaneously and by periodically weeding the areas selectively. When villages moved to other sites the gardens 
remained and grew, exhibiting an impressive tree diversity. For example in the village of Tae, an area of just one-fifth of 
a hectare was found to contain 224 trees belonging to 44 different species; 30 of which produce edible fruits, leaves or 
other edible products (Padoch and Peters, 1993; Padoch and Peluso, 1996). The most important fruits commonly found  in 
tembawang include the especially prized durian (Durio zibethinus), as well as langsat (Lansium domesticum), jackfruit (Artocarpus 
heterophyllus), rambutan (Nephelium lappaceum), mangosteen (Garcinia mangostana), sugar palm (Arenga spp.) and the illipe nut 
(Shorea macrophylla) which produces an edible oil that also has industrial uses. 
Managed forests of the Amazon estuary 
The fruit of the açai palm (Euterpe oleracea) in the forests of the Amazon estuary has long been a staple of rural diets in 
Amazonian Brazil. It has recently also become an important source of cash, as consumption of the nutrient-rich açai fruit 
- once almost exclusively a local, rural food - has expanded to urban areas and into markets well beyond Amazonia. It is 
now highly prized and sold processed into a variety of products in North America, Europe and elsewhere (Brondizio, 2008; 
Brondizio et al., 2002; Padoch et al., 2008). The application of diverse management and planting practices and strategies is 
increasingly transforming the tidally-flooded forests of the estuary and beyond into açaí agroforests, locally called “açaizais” 
(Hiraoka, 1994; Brondizio, 2008). Açai agroforests include stands under different types and intensities of management, with 
varying population densities, structures, species diversity and composition. These practices range from selective weeding 
of existing açai-rich stands to further increase the production of the palm fruit, to enrichment planting and management 
of shifting cultivation fallows in the area. Often açai is not the only product that açai forest managers seek to promote, as 
açaizais contain other useful products including timbers, game and other fruits. Brondizio (2008) suggests that “ …while at 
the plot level one may observe a decline in tree species diversity in managed açaizais (avg 17 species) when compared to 
unmanaged floodplain forest (average 44 species), a broader landscape view (combining data from plots in different parts  
of the landscape) shows an increase of [native and exotic] tree species diversity (total 96 species).”
Building upon the management of others in the Amazon 
Amazonian forests far from the estuary also abound in patches and plots that stand out from surrounding forests because  
of their richness in fruits and other foods. Many of these forest patches are almost certainly remnants of gardens, perhaps 
not unlike Borneo’s tembawang, that may have once been intensively managed but have since been largely abandoned. Other 
food-rich plots scattered throughout Amazonia include planted or protected vegetation along footpaths and rivers that are 
periodically manipulated by passersby, including indigenous groups that continue to seasonally trek following the changing 
availability of animals or fish, as well as other forest travellers or migrants (Alexiades, 2009; Anderson and Posey, 1989; Kerr 
and Posey, 1984; Rival, 2002). Many of these patches are further enriched and casually maintained by fruit harvesters, who 
often take the time to do some selective weeding, cut back intruding vines, or occasionally transplant new seedlings. In Brazil 
and Peru most of these forests are named after their most abundant and valuable tree species. In the Peruvian Amazon, 
zapotales (rich in the zapote fruit (Quararibea cordata)) are frequently found along paths used for centuries by indigenous 
and non-indigenous people. The exact origin of these stands is unknown, but many are believed to have originated centuries 
ago, and been maintained up to this day either intentionally or accidentally by people dispersing the seeds (while eating 
or processing food), protecting the seedlings and juveniles in the forests through selective weeding, and occasionally by 
transplanting seedlings from forests to the edges of pathways, agricultural fields or fallows. People not only value zapotes as 
a tasty fruit, but also as an attractor of game animals ranging from monkeys to tapirs.
Box
3.1
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and special information databases. Promising steps are 
being taken by scientists in this direction, for example by 
Hett et al. (2012) in their work in northern Laos.
These management systems usually begin with the for-
mation of a gap in the forest, frequently a secondary for-
est. The forest gaps or clearings made by shifting cultiva-
tors may range from several hectares in size, especially in 
Southeast Asia when several households choose to farm 
contiguously, to only a few square metres. This phase of 
the cycle which usually, but not always, involves the use of 
fire, and creates a space to plant agricultural crops rang-
ing from the dryland rice and vegetable combinations fre-
quent in montane zones of Southeast Asia (Cairns, 2007; 
Conklin, 1957; Condominas, 1977; Padoch et al., 2007; 
Mertz et al., 2009b), to assemblages of cassava, banana, 
and a variety of tubers and herbs representative of Ama-
zonian fields (Denevan et al., 1984; Denevan and Padoch, 
1987; Padoch and de Jong, 1992). The agrobiodiversity 
of some of these systems is extremely high (Rerkasem 
et al., 2009). For example, the pioneering study of shift-
ing cultivation fields in the Philippines by the Hanunoo 
people of Mindoro Island (Conklin, 1957) found over 280 
types of food crops and 92 recognised rice varieties, with 
several dozen usually showing up in any particular field. 
Intensive cropping of annual species usually lasts for only 
a year or two after which management generally becomes 
less intensive, allowing for a more or less spontaneous or 
natural vegetation to gradually dominate the site.
In the past, the change in types or intensity of man-
agement was commonly characterised as “abandonment” 
of the field; more recently there has been considerable 
recognition that much of the “natural” or “forest” fallow 
can be and often is manipulated or managed by shifting 
cultivators for a variety of economic and food products 
(Cairns, 2007; Alcorn, 1981; Denevan and Padoch, 1987, 
Colfer et al., 1997; Colfer, 2008a; Padoch and de Jong, 
1992). The “less intensive management” phase, or fallow, 
often relies heavily on the regrowth of forest vegetation 
for the provision of many of the environmental qualities 
necessary for efficient food production, including resto-
ration of soil fertility and structure. The accumulation of 
biomass in the regrowing vegetation and the suppression 
of pests, diseases and weeds make agricultural produc-
tion, especially in the tropics, a difficult and labour-de-
manding activity. Fallows or young regrowth also often 
feature many useful species that households collect and 
rely upon for food and the preparation of food. Thus 
shifting cultivation is increasingly seen and described as 
a complex and dynamic form of “swidden-fallow agro-
forestry” (Denevan and Padoch, 1987).
The complexity of alternating forest and field phases 
is further enhanced by other practices that result in the 
mixture of planted and spontaneous vegetation in swid-
den fields. When fields are first cleared, any useful 
tree species found in the plot are generally spared, left 
standing, and even protected from fire. These plants, fre-
quently fruit trees, then become integral parts of the field 
together with planted crops and any spontaneous vegeta-
tion that survives weeding and further fires. “Selective 
weeding” is the norm; plants valuable for food or other 
purposes are again spared while those that are not val-
ued are cut and removed. Especially in the later stages 
of the “fallow” phase, spontaneous or forest vegetation 
tends to predominate in shifting cultivators’ fields, the 
boundaries between forests and fields disappear, although 
the food value of these plots is often far higher than that 
of less “disturbed” forests (Rerkasem et al., 2009). Many 
areas of regrowth in these systems continue to be heav-
ily managed for economic and other products, including 
such nutritionally valuable resources as bushmeat (Wad-
ley and Colfer, 2004). “Garden hunting” is often carried 
out in shifting cultivation fields and fallows that can be 
rich in animals (Linares, 1976; Hiraoka, 1995) as they 
are attracted by the fruits that are frequently planted or 
spared. In summary, many shifting cultivation landscapes 
are largely forests that have been enriched with crops and 
a broad array of species by diverse management practices 
that are often applied iteratively and are difficult to clas-
sify or even see.
The dynamics of shifting cultivation have changed 
over time, and in some regions these changes have been 
rapid particularly since the mid-20th century. Many 
shifting cultivators have intensified their land use prac-
tices over time, including through the introduction of 
new crops and technologies that are not always well-
suited to local agroecological conditions. While such 
changes can sometimes increase the cultivators’ imme-
diate incomes, the agricultural results have often been 
adverse or unsustainable, especially if unsuitable land 
is overused or inappropriate inputs or crops are used. 
These changes have often resulted in instabilities in pre-
viously well-adapted shifting cultivation and resource 
use, jeopardising their ecological and in some cases 
economic sustainability (Raintree and Warner, 1986; 
Warner, 1991). For example, shortened cropping cycles 
or other management practices have in many situations 
contributed to soil fertility and productivity declines 
(Borggaard et al., 2003; Cairns and Garrity, 1999; Ram-
akrishnan, 1992). Destabilisation of traditional shifting 
cultivation systems is usually the result of a combination 
of socioeconomic and political changes, demographic 
pressures, and biophysical factors that force cultiva-
tors to change their practices (Table 3.1). Factors that 
commonly contribute to these changes include govern-
ment restrictions of forest use, changes in land tenure 
systems, demographic pressures including large-scale 
migration and resettlements, and policies that promote 
cash crop production (Nair and Fernandes, 1984). 
While such unstable conditions are not found in all 
shifting cultivation systems, they have reinforced nega-
tive perceptions of shifting cultivators and their practices 
(Fox et al., 2009; Mertz et al., 2009b). Arguments typi-
cally used to condemn shifting cultivation have included 
its low productivity, negative impacts on soils, hydrology 
and biodiversity conservation. However, broad generali-
sations regarding shifting cultivation are not helpful and 
obscure the fact that environmental impacts of shifting 
cultivation are diverse, and depend not only on farmers’ 
management practices, but the environmental, social, 
economic and political contexts in which they occur (c.f., 
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Thrupp et al., 1997; Lambin et al., 2001). Efforts to ame-
liorate the perceived shortcomings or negative impacts of 
shifting cultivation can be counter-productive, particu-
larly in relation to food security and nutrition. For exam-
ple, recent studies on land use change in the Lao People’s 
Democratic Republic (also see Chapter 5), found that pol-
icies aimed at increasing forest cover, protecting wildlife, 
and promoting more intensive, commercial farming have 
had significant negative impacts on the well-being of ru-
ral community members and especially on their ability to 
adapt to change and respond to a variety of “shocks” that 
economic and environmental change may bring (Hurni et 
al., 2013; Castella et al., 2013). 
A growing body of research indicates that in many ar-
eas where shifting cultivation is still practised, particularly 
where traditional knowledge regarding fallow management 
is well-developed and applied, these systems can be man-
aged sustainably – without undermining soil fertility and 
jeopardising productivity - while conserving biodiversity 
and maintaining provision of an array of forest ecosys-
tem services (c.f. Cairns, 2007; Cairns, 2015; Colfer et 
al., 2015; Cramb, 1993; Finegan and Nasi, 2004; Klein-
man et al., 1996; Mertz et al., 2008; Palm et al., 2005; Par-
rotta and Trosper, 2012; Ramakrishnan, 1992; Swift et al., 
1996). With respect to efforts to mitigate climate change 
through REDD+ programmes, it is important to note that 
while the secondary forest-dominated landscapes created 
through shifting cultivation do not store as much carbon as 
primary forests, their carbon sequestration potential is far 
greater than those dominated by alternative agricultural or 
single species tree crop management systems (c.f. Bruun et 
al., 2009; Chazdon, 2014; Martin et al., 2013). Such find-
ings have important implications for REDD+ policies and 
programmes, particularly where they may exclude shifting 
cultivation areas (and their practitioners) from REDD+ 
funding consideration, or use REDD+ policies as a lever 
to eradicate shifting cultivation practices (Angelsen, 2008; 
Brown et al., 2011; Ziegler et al., 2012). 
Finally, although shifting cultivation is a prominent 
feature of food production in forested areas in many tropi-
cal regions, the food values of forest mosaics that result 
from shifting cultivation systems have to date been little 
researched as they fall between conventional “farm” and 
“forest” categories. Shifting cultivation landscapes are 
often “illegible” to outsiders (Scott, 1999), are frequently 
devalued and labelled “degraded”. Yet what research there 
is suggests that these landscapes that harbour a great va-
riety of plants and animals in fields and food-rich fallows 
and forests, and create multiple and diverse “edges”, have 
been the larders of human communities around the globe 
and throughout millennia (Andrade and Rubio-Torgler, 
1994). As shifting cultivation systems disappear around 
the world (van Vliet et al., 2012; Padoch et al, 2008), be-
ing replaced by other forms of production that yield more 
food calories per area, it is important to understand what 
is being lost in micronutrient output, food diversity and 
resilience to shocks when these practices vanish. 
3.2.4 Agroforestry Systems
Agroforestry encompasses a vast array of food produc-
tion systems in which woody perennials are deliberately 
integrated in spatial mixtures or temporal sequences with 
crops and/or animals on the same land unit. These sys-
tems involve careful selection of species and management 
of trees and crops to optimise productivity and positive 
interactions among their components and minimise the 
Causes of destabilisation and degradation in shifting cultivation systems  
(adapted from Thrupp et al., 1997)
Outcomes of Destabilisation  
and Degradation
Proximate Causes Underlying Causes
• Shortening or ceasing fallows
• Over-exploitation of land/soils
• Declining soil fertility
• Decreasing yields
• Increasing deforestation
• Loss of biodiversity
• Development of roads and  
other infrastructure
• Expansion of monoculture  
agriculture and timber industries
• Scarcity of land and other re-
sources available to cultivators
• Changing demographic trends, e.g. 
migration and population growth
• Lack of alternatives for production 
and income for rural people
• Resettlement of new groups in 
frontier areas
• Lack of access to stable markets 
for shifting cultivators
• Inequitable political-economic  
structures affecting use of  
resources
• International/national economic 
policies, especially trade liberalisa-
tion, structural adjustment
• Disrespect for, or neglect of, the 
rights of shifting cultivators
• Lack of knowledge of  
environmental factors in agriculture
• Lack of sustained economic devel-
opment and employment for poor
• Lack of political commitment for 
poverty alleviation
• Inadequate attention to social needs 
in environmental policies
Table
3.1
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need for chemical fertilisers and other inputs to maintain 
their productivity. 
Like managed forests and shifting cultivation systems, 
most agroforestry practices are based on the traditional 
knowledge of people in local and indigenous communities. 
A staggering variety of agroforestry systems have been de-
veloped and modified by farmers in tropical, subtropical and 
temperate regions worldwide over centuries, or even millen-
nia in some regions. The systematic study of agroforestry by 
the scientific community, which began only a few decades 
ago, has sought to understand the accumulated knowledge 
and wisdom of agroforestry practitioners using established 
theoretical bases from ecology and agroecology. This knowl-
edge is being used to promote and in some cases modify 
these traditional systems in ways that will enhance their ap-
plicability, relevance and adaptability to changing environ-
mental, economic and social conditions (Sanchez, 1995). 
Overview of agroforestry systems  
and their variability
Agroforestry systems are typically classified on the basis 
of their structure, i.e., the nature and spatial and/or tempo-
ral arrangement of tree and non-tree components. Three 
broad classes are generally distinguished, based on the in-
clusion of agricultural crops and/or livestock in these sys-
tems: “agrisilvicultural systems” involving combinations 
of agricultural crops and trees or shrubs; “silvopastoral 
systems” that include combinations of trees and pasture 
for grazing livestock; and “agrosilvopastoral systems” 
combining crops, pastures and trees (Nair, 1993). 
Agrisilvicultural systems include a very diverse array 
of agroforestry subsystems and practices, all of which 
involve the cultivation and management of trees and/
or shrubs for food and/or non-food values (such as soil 
conservation or providing shelter for crops), generally in 
combination with agricultural crops. These subsystems 
and practices include for example, improved fallows, 
multilayer tree gardens and alley cropping. In some cases 
agrisilvicultural systems also combine the production of 
timber with agricultural crops, as is the case with “Taung-
ya” which was originally used to promote teak plantations 
by the British colonial government in Burma in the late 
19th century and which is widely practised today though-
out much of the tropics. Other agrisilvicultural systems 
include different plantation crop combinations, notably for 
fuelwood but also homegardens with fruit trees.
Silvopastoral systems include plantation crops with pas-
tures and animals; trees on rangeland or pastures; and 
protein banks, involving concentrated production of pro-
tein-rich tree fodder outside of grazing areas.
Agrosilvopastoral systems include homegardens with 
domesticated animals; multipurpose woody hedgerows, 
involving fast-growing and coppicing fodder trees and 
shrubs in woody hedges for browse, mulch, green manure 
and soil improvement; apiculture with trees; aquaforestry 
where selected trees and shrubs line fish ponds, and mul-
tipurpose woodlots. 
Within and across these broad categories, agroforestry 
systems vary in the functional characteristics of their 
components (especially of their tree and shrub compo-
nents), including both productive functions (food, fodder, 
fuelwood, timber and other non-timber forest products) 
as well as protective functions (windbreaks and shelter-
belts, soil conservation and fertility improvement, mois-
ture conservation, and shade for crops, livestock and peo-
ple). Considerable variation exists within all categories of 
agroforestry systems with respect to management inten-
sity and the level of inputs used (such as labour, fertilisers 
and other agricultural inputs) which affect their adoption 
by farmers (Bannister and Nair, 2003; Franzel, 1999; 
Mercer, 2004; Scherr, 1995; see also discussion below in 
3.4.4). They also differ in the predominant end uses of 
their products – ranging from subsistence (directly con-
tributing to household food security and nutrition) as in 
the case of homegardens, to predominantly commercial, 
as in the case of cocoa, coffee, tea, rubber and oil palm 
agroforestry systems.
Regional and global patterns  
in agroforestry practice
Agroforestry systems serve a major role in food security 
and nutrition for their practitioners (and consumers of com-
mercialised products) within a number of agroecological 
zones on all continents although the exact extent of these 
practices is difficult to quantify (notably because of a lack 
of standardised definitions and procedures for delineating 
the zone of influence of trees in mixed tree/crop systems 
(Nair et al., 2009)). Of particular importance to this report 
are those regions where food security is considered to be 
a more significant challenge. These include extensive ar-
eas where agroforestry systems also have a long history, 
i.e., the majority of tropical and sub-tropical humid, sub-
humid, semi-arid and highland regions. The prevalence of 
different agroforestry systems in these regions, and their 
actual or potential contributions to enhanced food security 
and nutrition, are influenced by climate, natural vegetation 
and soils, and dominant land use systems, as well as a host 
of other socio-economic factors (Nair, 1993). 
In humid and sub-humid tropical lowland regions, 
agroforestry is practised extensively in Southeast and 
South Asia, Central and West Africa, and Central and 
South America. In these regions, agroforestry can help 
to reduce deforestation and forest degradation, and over-
come productivity constraints on conventional agriculture 
related to soil degradation caused by unsustainable forest 
management, poorly managed shifting cultivation (includ-
ing reduction of fallow lengths), overgrazing, soil acidity, 
low soil fertility and high rates of soil erosion (Nair, 1993). 
Tropical and sub-tropical highlands (over 1000m in ele-
vation) with agroforestry potential include humid and sub-
humid regions in the Himalayan region, parts of southern 
India and Southeast Asia, the highlands of east and central 
Africa, Central America and the Caribbean, and the Andes. 
Dominant land uses in these regions include shifting culti-
vation, arable farming, plantation agriculture and forestry, 
and ranching (in Central and South America). Agricultural 
productivity and food security in these regions may be 
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constrained by soil erosion, shortening of fallows in shift-
ing cultivation, overgrazing, deforestation and forest deg-
radation, and fodder and fuelwood shortages (Nair, 1993).
Semiarid and arid regions where agroforestry systems 
are common include the cerrado of South America, savan-
nah and sub-Saharan zones of Africa, drier regions of the 
Mediterranean, North Africa and the Near East, and parts 
of South Asia (Nair, 1993).
Parklands, one of the most extensive farming systems 
in the tropics and the dominant farming systems in semi-
arid West Africa, cover the vast majority of cultivated area 
in Sahelian countries. This includes an estimated 90 per-
cent (5.1 million ha) of all agricultural lands in Mali (Cis-
sé 1995; Boffa, 1999) where scattered multipurpose trees 
such as baobab (Adansonia digitata L.), detar (Detarium 
microcarpum), néré (Parkia biglobosa), tamarind (Tama-
rindus indica), shea tree or karité (Vitellaria paradoxa) 
and ber (Ziziphus mauritiana) are managed on farmlands. 
A recent geospatial analysis by Zomer et al. (2014) esti-
mated the extent and recent changes in agroforestry practic-
es at a global scale, based on remote sensing-derived global 
datasets on land use, tree cover and population. Agrofor-
estry systems (defined in their study as agricultural lands 
with greater than 10 percent tree cover) were found to com-
prise 43 percent (over 1 billion ha) of all agricultural land 
globally (Figure 3.3). These lands include 320 million ha in 
South America, 190 million ha in sub-Saharan Africa, and 
130 million ha in Southeast Asia. In Central America, 96 
percent of agricultural lands were classified as agroforestry, 
as were over 80 percent of agricultural lands in Southeast 
Asia and South America. Globally, the amount of tree cover 
on agricultural land increased substantially between 2000 
and 2010, with the area of >10 percent tree cover increasing 
from 40 to 43 percent (+82.8 million ha). The proportion 
of agricultural lands with varying levels of tree cover and 
proportions of people living in these landscapes in different 
regions of the world are presented in Table 3.2. 
Zomer et al. (2009) found a strong relationship be-
tween aridity and tree cover in Southeast Asia, Central 
America and South America, although there are many 
exceptions to this rule (i.e., high tree cover found in 
more arid zones and low tree cover found in more humid 
zones) that must be explained by other factors, such as 
tenure, markets or other policies and institutions that af-
fect incentives for tree planting and management, as well 
as context-specific historical trends (Zomer et al., 2014; 
Zomer et al., 2007; Zomer et al., 2009). Further, although 
patterns in the relationship between tree cover and hu-
man population densities in agricultural landscapes exist 
within aridity classes and continents, these correlations 
are neither consistently positive nor negative except in the 
very low or high range of tree cover, and there appears to 
be no general trade-off between human population den-
sity and tree cover in these landscapes. Additional work is 
needed to refine estimates of land cover (versus land use) 
in agricultural landscapes and the extent of agroforestry 
practice in its varied forms, both at the global level and at 
finer spatial scales, as well as their relationship with fac-
tors other than climate and population density.
3.2.5 Single-Species Tree Crop  
Production Systems 
Single-species tree crop production systems can be found 
in forest and agricultural landscapes in tropical, sub-tropi-
cal and temperate regions worldwide. They involve a wide 
variety of designs and management practices that have 
evolved over time in response to local, regional and global 
commoditization of domesticated forest species. 
The domestication of forest tree species is rooted in 
antiquity. Genetic selection, vegetative propagation (in-
cluding grafting) and cultivation of tree crops such as 
date palm (Phoenix dactilifera), olive (Olea europaea), 
Global estimates of tree cover (percent) on agricultural land  
in the years 2008–2010 (averaged) 
Figure
3.3
Source: Zomer et al. (2014)
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sycamore fig (Ficus sycomorus), pomegranate (Punica 
granatum), apple (Malus x domestica), pear (Pyrus com-
munis), apricot (P. armeniaca), almond (P. dulcis), sweet 
cherry (P. avium), peach (P. persica), mango (Mangifera 
indica) before avocado (Persea americana) all date back 
4,000 to 6,000 years (Janick, 2005). In the case of the 
common fig (Ficus carica) its domestication may have 
begun at the time when wild grains such as rice, wheat 
and other staple crops were first cultivated in North Af-
rica and Southwest Asia 11,000-12,000 years ago (Kislev 
et al., 2006). 
Worldwide, many hundreds of tree species are culti-
vated today by farmers for household and local consump-
tion, a lesser number for sale in urban markets, and still 
fewer for international markets. These cultivated species 
include beverage and confectionery crops (e.g. coffee, 
cocoa, tea), fruits, oils (e.g. oil palm, coconut), staples 
(e.g. bananas, plantains, breadfruit, peach palm and sago 
palm), spices (e.g. cinnamon, clove) and nuts. The di-
versity of forest species cultivated by farmers in tropical 
and subtropical regions is impressive; an indicative list 
presented by Smith et al. (1992) of domesticated tropical 
moist and wet forest trees for their edible fruits or nuts in-
cludes over 170 species. Production from these tree crop 
systems contributes significantly to the food security and 
nutrition of farmers - either directly for their nutritional 
value, or indirectly by providing income, as discussed in 
Chapter 2. 
Tree crop systems are managed on large, medium or 
small scales either as single-species or multi-strata sys-
tems with other woody or herbaceous species. They may 
also be intercropped in agroforestry systems with an-
nual or perennial crops in temporal or spatial sequenc-
es. For example, coffee production in Ethiopia mainly 
involves agroforestry-based systems, although there are 
both natural coffee forests and single-species planta-
tions (Muleta, 2007). Similarly, cocoa is cultivated un-
der the canopy of shade trees in traditional agroforests, 
although single-species plantations are also cultivated 
(Obiri et al., 2007). Weeding, fertiliser application, pest 
and disease control, and branch pruning are among the 
cultural practices used in tree crop systems for enhance-
ment of yield (Table 3.3).
The introduction of new hybrids of some species 
with large international markets has led to a rapid ex-
pansion in acreage in producing countries. A number 
of major tree crops are listed in the FAO database, FA-
OSTATS, on agricultural commodities traded globally. 
These include: cocoa (Theobroma cacao), coffee (Cof-
fea arabica, Coffea robusta), tea (Camellia sinensis), oil 
palm (Elaeis gineensis), coconut (Cocos nucifera), date 
palm (Phoenix dactylifera), mango (Mangifera indica), 
avocados (Persia americana), orange, tangerine, lemon, 
grapefruit (Citrus spp.), shea (Vitellaria paradoxa), 
guava (Psidium guajava), fig (Ficus carica), banana and 
plantain (Musa spp.), apple (Malus domestica), peach, 
plum, and apricot (Prunus spp.), olive (Olea europaea), 
cashew (Anacardium occidentale), walnut (Juglans spp.) 
and hazelnut (Corylus spp.). Information on a number of 
these tree crop species, their management and contribu-
tions to food security and nutrition, are summarised in 
Table 3.3 (see also Chapter 2).
Production of some tree crops with major global mar-
kets has been organised on a large scale with smallholder 
participation, making significant contributions to local and 
national economies (Watson, 1990). While smallholder 
farmers typically earn the least profit margin in tree crop 
commodity value chains, single-species tree crop systems 
Percentage of land area and population living in agricultural areas with greater than  
10%, 20% and 30% tree cover in 2008-2010 (adapted from Zomer et al., 2014)
(% of all land area/persons
 in agricultural area) >10% tree cover >20% tree cover >30% tree cover
Region % land area % population % land area % population % land area % population
North America 42.4 66 26.3 46 15.5 30
Central America 96.1 95 79.0 78 54.8 54
South America 65.6 74 31.8 35 17.7 19
Europe 45.0 46 20.4 19 11.6 10
North Africa/Western Asia 11.0 13 5.5 4 3.3 2
sub-Saharan Africa 30.5 39 15.0 16 8.4 7
Northern and Central Asia 25.3 23 9.7 7 4.3 3
South Asia 27.7 34 7.8 8 3.6 2
Southeast Asia 79.6 73 62.9 46 49.9 30
East Asia 47.5 57 22.1 21 11.8 8
Oceania 33.3 80 23.8 67 17.0 52
Global average 43.4 46 23.1 19 14.2 10
Change since 2000-2002 +3.7 +5 1.8 +2 +1.1 +2
Table
3.2
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 c
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 c
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 d
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 c
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 c
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 c
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 p
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 p
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 D
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 D
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 C
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ra
zi
l, P
hi
lip
pi
ne
s, 
Eg
yp
t, 
Ke
ny
a. 
G
ro
w
n 
in
 s
m
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; p
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 p
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at
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at
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 p
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at
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 p
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 c
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 c
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 c
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.
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os
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C
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at
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. L
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 b
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, D
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 c
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ra
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at
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at
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 p
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 p
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at
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 m
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 o
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m
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m
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 c
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 d
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 c
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 c
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 c
lim
at
e.
 M
aj
or
 p
ro
du
ce
rs
 in
cl
ud
e:
 
Tu
rk
ey
, E
gy
pt
, I
ra
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ra
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at
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 m
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, c
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 c
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 d
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 c
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. D
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 d
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 d
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, m
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m
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 c
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, c
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 D
at
ab
as
e:
 fa
os
ta
t.
fa
o.
or
g/
; J
an
ic
k 
(2
00
5)
; U
SD
A
 N
ut
rie
nt
 
D
at
ab
as
e:
 h
tt
p:
//n
db
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ro
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at
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: C
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l p
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 m
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l p
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; p
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 p
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l p
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 c
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 c
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at
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 b
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 r
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 p
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ra
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C
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; p
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 c
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 c
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ac
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 c
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 d
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 c
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 p
ro
du
ce
rs
 in
cl
ud
e 
N
ig
er
ia
, M
al
i, B
ur
ki
na
 F
as
o,
 G
ha
na
, C
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at
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 s
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 c
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 m
os
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 p
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m
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in
 
la
rg
e 
sc
al
e 
m
on
oc
ro
p 
pl
an
ta
tio
ns
 fr
om
 s
ee
ds
, s
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, f
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ra
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do create employment and income opportunities locally and 
internationally as well as improved trade and foreign ex-
change balances for producing nations. For example, Ethio-
pia, the oldest exporter of coffee in the world, is the largest 
coffee producer and exporter in Africa. The cultivation, pro-
cessing, trading, transportation and marketing of coffee pro-
vide employment for 15 million Ethiopians who depend on 
the industry for at least a significant part of their livelihood 
on a subsistence basis or as a sole source of income. The 
industry plays a fundamental role in both the cultural and 
socio-economic life of the nation (Muleta, 2007). In Ugan-
da the coffee industry employs over 5 million people and 
the sector contributes 20-30 percent of the country’s foreign 
exchange earnings (Kiyingi and Gwali, 2013). 
Climate change and its potentially devastating effects 
on crop production threaten the productivity of tree crop 
systems in many regions. For example, it is predicted that 
rising temperatures will dramatically reduce cocoa produc-
tion between 2030 and 2050 in Côte d’Ivoire and Ghana, the 
world’s first and second cocoa producers accounting for 53 
percent of the world’s cocoa output (CTA, 2012). This has 
necessitated a critical analysis of promising multi-purpose 
tree-based systems that have the potential for ensuring sus-
tainable income and food security while mitigating climate 
change effects. Shade-grown cocoa and coffee are also be-
ing advocated in response to certification schemes and also 
the increasing demand for “specialty” products (Afari-Sefa 
et al., 2010; WOCAT, 2007). Generally, growing tree crops 
under the shade of upper canopy forest trees is considered 
to be more ecologically and economically sustainable than 
open-grown systems (WOCAT, 2007). However, the value 
of such systems for biodiversity conservation is very much 
context-specific, and has been questioned in the case of 
shade coffee (Tejada-Cruz et al., 2010).
3.3 The Influence of Forest Landscape 
Configuration, Management and Use 
on Food Security and Nutrition
Forests and associated food production systems do not ex-
ist in isolation. They are part of broader economic, politi-
cal, cultural and ecological landscapes. Such landscapes 
usually comprise diverse patches of different land use 
types, which may include forest and non-forest, different 
food production systems, and numerous other land uses. 
The following discussion considers the ways in which dif-
ferent land use-patches interact with each other in space 
and time to influence the productivity and sustainability 
of forests and tree-based systems. 
3.3.1 Interactions between  
Landscape Components
Positive contributions of forests to  
agricultural productivity
Forests provide an array of direct and indirect contributions 
to agriculture at different scales (MA, 2005). At the broad 
scale, forests contribute to the recycling of nutrients, sup-
pression of agricultural pests, detoxification of noxious 
chemicals, control of hydrological processes and genetic 
resources for future adaptation to climate change (Foley 
et al., 2005; MA, 2005; Plantegenest et al., 2007). In a 
study carried out in 56 countries in Africa, Asia and Cen-
tral/South America it was found that a ten percent increase 
in deforestation would result in a 4-28 percent increase in 
flood frequency (Bradshaw et al., 2007), with large impact 
Shade-grown cocoa
Although it has been argued that the peren-
nial nature of tree crop systems makes them inherently 
more sustainable and less environmentally damaging in 
comparison with annual food crop systems (Watson, 
1990), their biodiversity impacts, particularly for the 
production of cocoa and coffee, have increased with the 
expansion of plantations in many producing countries. 
In the case of cocoa, the total area under cultivation 
worldwide increased by 3 million ha (4.4 million to 7.4 
ha) in the last 50 years (Clough et al., 2010), contributing 
to the ongoing transformation of many lowland tropical 
forest landscapes in Latin America, Africa and Southeast 
Asia that began centuries ago (Schroth and Harvey, 2007). 
Expansion of cocoa farms accounts for much of the 
deforestation in lowland West Africa (Gockowski and 
Sonwa, 2011) where intact tropical forests have been 
converted for this purpose. This transformation has been 
expedited by the development and introduction of highly 
productive cocoa hybrid varieties that require little or 
no forest tree shade. However, since open-grown cocoa 
requires increased investments in agro-chemical inputs to 
support optimum productivity, it has a shorter productive 
period with deleterious effects on soil fertility and planta-
tion health (Ruf and Schroth, 2004). In contrast, cocoa 
traditionally grown under filtered shade of forest trees 
often results in a multi-strata agroforestry system that is 
considered to be one of the best examples of permanent 
agriculture that preserves a forest environment and 
biodiversity (Ruf and Schroth, 2004; Rice and Greenberg, 
2000). Under optimal soil conditions and rainfall regimes, 
shade grown cocoa may produce good yields for 60-100 
years whereas optimum production may last for 20 or 
less years without shade (Ruf and Schroth, 2004; Obiri  
et al., 2007; Obiri et al., 2011). 
Box
3.2
Theobroma cacao (cocoa) pods.
Photo © sarahemcc, Wikimedia Commons
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on rural and agrarian populations (FAO and CIFOR, 2005; 
Jonkman, 2005). Forests also contribute to climate change 
mitigation, having the capacity to absorb a significant frac-
tion of global carbon emissions which could have positive 
impacts on food production (FAO, 2012). 
At the local scale, forests and trees outside forests 
are essential for ecosystem services such as pollination 
(Ricketts, 2004; Ricketts et al., 2008), pest regulation and 
regulation of the microclimate (Kort, 1988), as discussed 
in Chapter 2. They can also preserve genetic diversity 
of domesticated and wild food species and enhance soil 
fertility and agricultural productivity (Tscharntke et al., 
2005a; Bianchi et al., 2006; Ricketts et al., 2008; Boyles 
et al., 2011). For example, 75 percent of the most impor-
tant crop species benefit from pollination services (Klein 
et al., 2007) accounting for 153 billion Euros annually 
(Gallai et al., 2009). In many African countries farmer-
managed forest regeneration programmes are estimated 
to have doubled the agricultural yields over nearly five 
million hectares with significant potential for the future 
(World Bank, 2013). Green foliage collected from forests 
can also represent an important resource for compost to 
enhance productivity of field crops, such as areca nut 
plantations in India (Sinu et al., 2012). 
As discussed in Chapter 2 and earlier in this chapter, 
forests are also a direct source of food, fuel, fodder and 
medicines, benefiting not only people living within for-
ested landscapes (c.f. Colfer, 2008a; Kuhnlein et al., 2009), 
but those living elsewhere, including urban areas. For ex-
ample, it is estimated that about 2.4 billion people, or 40 
percent of the population of low- and middle-income coun-
tries, rely on woodfuel for cooking, with some 746 million 
people boiling their water with wood (FAO, 2014). 
The provision of such forest benefits can be dependent 
on the spatial configuration of the landscape and proxim-
ity to forests. For example, Ickowitz et al. (2014) found 
that after controlling for confounding factors (such as 
distance to market and road density) children’s dietary di-
versity increased with tree cover across 21 African states. 
Wild harvested meat also provides a significant source of 
food in many regions, including for example in Central 
Africa where a critical portion of protein and fat often 
comes from this source (Nasi et al., 2008). Forests can 
also contribute to nutrition by providing sources of in-
come that can be spent to buy food in markets. 
Negative effects of forests on agricultural 
productivity
Forests can also have negative impacts on nearby agricul-
tural production, for example by harbouring agricultural 
pests and diseases that reduce agricultural yield, and oth-
ers that more directly harm human health. New insect 
pests can be introduced into an area through the transpor-
tation of wood or nursery stock associated with forestry 
and horticultural activities (Cock, 2003). Forest wildlife 
species and arthropods (insects, ticks, etc.) can spread dis-
ease pathogens and parasites to livestock and humans, such 
as malaria, encephalitis, rabies, Ebola, SARS, and several 
others (Bengis et al., 2002; Belotto et al., 2005; Colfer, 
2008b; Olson et al., 2010; Tomalak et al., 2011; Wilcox 
and Ellis, 2006). In light of the recent West African Ebola 
crisis, it has been argued that these risks create an oppor-
tunity to conserve forest animal species by emphasising 
the dangers involved in consuming wild meat (Williams, 
2014). However, this argument has been rejected by others, 
who emphasise the complex relationship between people, 
forests and hunting practices that produce the risk of 
disease transmission (Pooley et al., 2015).
Forests are a critical habitat for wildlife species but can 
also be a source of human-wildlife conflict, particularly 
where agroforestry buffers between forests and farms pro-
vide suitable habitat for wild species (Naughton-Treves et 
al., 1998). When agricultural fields, agroforestry systems 
or homegardens are raided by wild animals, crop dam-
age can result in significant economic losses on farms 
and during post-harvest stages of food production, and in 
some cases total crop devastation (Ntiamoa-Baidu, 1997; 
Hockings and McLennan, 2012). Around Kibale National 
Park (Uganda) - a large forested reserve harbouring crop 
raiding species such as baboons and chimpanzees - av-
erage financial losses for farmers in a six month period 
were estimated at USD 74 with more severe crop damage 
closer to the park boundary (Mackenzie and Ahabyona, 
2012). In the struggle to protect crops, both humans and 
wildlife can be put in danger, undermining conserva-
tion efforts due to increased human-wildlife conflict and 
increasing farm labour costs (Hill, 2000; Pérez and Pa-
checo, 2006). In India, elephants kill over 400 people and 
destroy crops valued at two to three million USD every 
year (Bist, 2006; Rangarajan et al., 2010).
Impacts of other land use patches on forests
Forests can be impacted positively or negatively by other 
nearby or distant land uses in ways that affect their own 
role as food production systems, as habitat for biodiver-
sity, or their structure and function more generally. For-
ests located near farming and urban areas may be more 
exposed to air, water and other types of pollution. Forests 
are vulnerable to emissions of reactive pollutants such as 
SO2, NOx, HNO3 and NH3 as well as elevated levels of 
ozone and excessive mineral salts (Fowler et al., 1999; 
Likens et al., 1996). These potentially phytotoxic pol-
lutants, largely studied in the northern hemisphere, are 
damaging to forest health although it is difficult to iden-
tify specific pollutant effects given the high level of inter-
activity between pollutants, and between pollutants and 
climate change (Bytnerowicz et al., 2007; Paoletti et al., 
2010). Atmospheric pollutants can also severely damage 
forests through acid rain (Likens et al., 1996).
Proximity to human settlements and roads can in-
crease the likelihood of invasive species being introduced 
to, and perhaps damaging, forest environments (Bradley 
and Mustard, 2006; Bartuszevige et al., 2006). In most 
cases the introduction of non-native species may have lit-
tle impact since they often fail to survive in a new habi-
tat. However, those that do become established and thrive 
can cause severe and widespread economic and ecologi-
cal losses, such as a reduction in forest and agricultural 
productivity, species population declines and even ex-
tinctions (Holmes et al., 2009). For example, in Canada 
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3.3.2 The Influence of Landscape Use and 
Management of Forests and Tree-based  
Systems on Nutrition
Many factors influence the actual or potential contribu-
tions of forests and tree-based systems to food security 
and nutrition of producers, their families and other con-
sumers. These include the productivity of these manage-
ment systems, the resilience of these systems to with-
stand shocks (weather and other events), the choice of 
food species cultivated and managed, and the extent to 
which the food products are utilised for household or 
local consumption, or marketed to earn income which 
may then be used to purchase other foods. The variety 
of forest and tree management practices that typically 
co-exist within rural landscapes may contribute to the 
broader food system in varying degrees, since a substan-
tial portion of people’s diet is often traded or purchased 
(Powell et al., 2015).
Two main types of studies can be used to evaluate how 
different landscape, forest and tree management approach-
es may impact nutrition. The first type involves studies that 
compare the diets of one or more ethnic groups at differ-
ent stages of transition from one livelihood strategy to an-
other, with the different livelihood strategies having differ-
ent land use patterns. A selection of such studies and their 
main results are summarised in Table 3.4. 
Other studies that have compared the capacity of dif-
ferent forests and tree-based systems to produce nutri-
tionally-important foods such as fruits and vegetables and 
animal sources of foods (usually done by modelling) offer 
insights as to their relative contribution to diet and nutri-
tion. Differences in the diets of traditional hunter-gatherer 
communities and neighbouring agricultural ones in India 
seem to be very context specific (sometime better, some-
times worse). In many places more traditional subsist-
ence groups had more meat in their diets, based on stud-
ies from India (Gupta, 1980), Cameroon (Koppert et al., 
1993), Borneo (Colfer, 2008a; Dounias et al., 2007) and 
Botswana (Hausman and Wilmsen, 1985). Comparing 
primary forests with secondary or heavily modified forest 
systems, the latter provide a greater number and quantity 
of useful plant species (but not always animal species) 
than primary forests, based on studies from the Brazilian 
(Parry et al., 2009), Bolivian (Toledo and Salick, 2006) 
and Peruvian Amazon (Gavin, 2004) and from Panama 
(Smith, 2005). Considering shifting cultivation, the aban-
donment of this practice may be associated with less use 
of wild foods including wild meat and vegetables (and 
uptake of micronutrients such as iron and vitamin A), but 
the few existing studies have not demonstrated that shift-
ing cultivation is associated with better dietary intake, 
based on studies in the Philippines (Schlegel and Guthrie, 
1973) and India (Gupta, 1980). Complex agroforests 
have been found more likely to provide enough fruits 
and nutrients per unit of land than less diverse agrofor-
estry systems, based on results of farm modelling studies 
from Central America and West Java) (Cerda et al., 2014; 
Marten and Abdoellah, 1988). Regarding home gar-
dens, four separate reviews of the impacts of agricultural 
the Asian longhorned beetle (Anoplophora glabripennis) 
threatens the hardwood and maple syrup industries, while 
the impacts of yellow star thistle (Centaurea solstialis) on 
cattle production have cost Californian ranchers and the 
state an estimated USD 17 million (Eagle et al., 2007). 
In French Polynesia and other Pacific islands, Miconia 
calvescens (an introduced tropical American tree), has 
shaded out native plant species in some areas and, due to 
its shallow rooting habit, increased erosion and frequency 
of landslides (Meyer and Malet, 1997; Environment Can-
ada, 2004; Moore, 2005). 
Scale and fragmentation issues
Many of the interactions described above are influenced 
by the scale and spatial configuration of different land use 
patches. The process of forest fragmentation, occurring 
when formerly forested lands are converted permanently 
to pastures, agricultural fields, or human-inhabited de-
veloped areas, can result in changes in ecosystem func-
tions that alter the supply and distribution of ecosystem 
services vital for agriculture (Tscharntke et al., 2012). 
Reduced connectivity of forest patches affects the ability 
of pollinators, pest predators (Tscharntke et al., 2005b; 
Kremen, 2005), water and nutrients (Brauman et al., 
2007; Power, 2010) to move across a landscape. How-
ever, there is growing evidence that in agricultural land-
scapes forest fragments continue to provide ecosystem 
services, including pollination and pest control services 
(Ricketts, 2004; Ricketts et al., 2008; Holzschuh et al., 
2010), water regulation and purification services (Foley 
et al., 2005). Forest fragments in agricultural landscapes 
can also change dispersal patterns for fungi and soil or-
ganisms that affect decomposition (Plantegenest et al., 
2007). In some cases, managing landscape configuration 
to enhance forest fragment connectivity may be a more 
effective tool for optimising agricultural landscapes for 
multiple ecosystem services rather than simply limiting 
further forest loss (Mitchell et al., 2014). It is however 
important that sufficiently large forest patches and con-
nectivity are maintained, as high levels of forest loss can 
result in abrupt landscape-scale loss of native forest spe-
cialist species in the long term (Pardini et al., 2010). 
In many parts of the world, traditional agricultural 
landscape management approaches have been developed 
to more closely link agricultural and forest (or woodland) 
management and ensure continuity in the provision of eco-
system services from forests. For example, Japan’s tradi-
tional socio-ecological production landscapes, known as 
satoyama (“sato” =home village; “yama” =wooded hills 
and mountains), comprise integral social and ecological 
networks of villages and their surrounding agricultural 
lands, open forestlands and forests, in which forests are 
managed for multiple values, including biodiversity con-
servation and the ecosystem services that forests and wood-
lands provide to agriculture (Indrawan et al., 2014). Simi-
lar landscape management systems are found throughout 
Asia and elsewhere in forms that are adjusted to regional 
biophysical conditions (e.g. Agnoletti, 2006; Bélair et al., 
2010; Johann et al., 2012; Kumar and Takeuchi, 2009; 
Ramakrishnan et al., 2012; Youn et al., 2012).
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Studies examining differences in diet between groups during  
livelihood and land use transitions
Transition/Location Findings related to diet Study
Shifting cultivation to 
plough-farming in the 
Philippines
Two Tiruray communities at opposite poles of this transition were studied. 
Hunting, fishing, and gathering of wild resources have virtually disappeared.  
Reliance on wild food resources diminished, with greatly increased  
dependence on market foods.
The traditional communities had lower average intake of energy, protein, fat, 
calcium, iron, vitamin A and higher average intake of thiamine and riboflavin (B 
vitamins) compared to those in sedentary agriculture.
Schlegel and 
Guthrie (1973)
Comparison of diets 
of tribes with settled/
paddy-based agriculture, 
to those with shifting  
cultivation and those 
with hunting and  
gathering, in India
A comparison of tribes from northeast India shows that those that engaged in 
the most hunting (Padams) had highest percent energy from protein, highest 
iron, calcium and vitamin A intake. The tribe with least animal source foods 
(Noktoe) had second highest vitamin A intake, likely due to greater depend-
ence on wild and cultivated vegetables. The tribes practising mixed shifting and 
paddy cultivation (Padam, Minyong and Galongs) had better diets than those 
without paddy cultivation (Nokte). In central and western India, a hunter-gath-
erer forest dwelling tribe (Marias) had lowest calcium, iron and vitamin A intake. 
Forest dwelling subsistence agriculture tribe (Baiga) had highest iron, vitamin A, 
compared to settled rice-based agricultural tribe (Gonds), despite much higher 
energy intake by Gonds.
Gupta (1980)
Hunter-gatherers in 
transition to settled  
agro-pastoralism;  
San of /ai/ai, in Botswana 
Traditional (hunting and gathering): Percentage of caloric intake from:  
vegetables (85), meat (12), milk (1), maize (2).
Mixed (diet of wild and domestic food): Percentage of caloric intake from: 
vegetables (65), meat (11), milk (17), maize (7).
Settled (agro-pastoralism): Percentage of caloric intake from: vegetables (10), 
meat (10), milk (29), maize (43), sugar (9).
Settled communities have much lower contribution to diet from vegetables  
and meat and much greater intake of milk, maize meal and sugar.
Hausman 
and Wilmsen 
(1985)
Comparing hunter- 
gatherers to neighbouring 
agricultural communities 
in Cameroon
Yassa: Agriculture and fish-based subsistence. Average daily per capita intake: 
34g of vegetables; 199g fish; 24g meat.
Mvae: Subsistence based on agriculture and hunting (in forest and on coast). 
Average daily per capita intake: 100g vegetables; 62g fish; 129g meat.
Bakola: hunter-gatherer based subsistence. Average daily per capita intake:  
54g vegetables; 22g fish; 216g meat.
Much higher intake of meat and high animal source food intake in hunter-gath-
erer group, higher vegetable consumption in agricultural community.
Koppert et al. 
(1993)
Hunter-gatherer to  
sedentary urban/  
agriculture in Borneo
Remote/traditional communities had more diverse diets with more meat, 
better nutritional status and physical fitness and greater contribution of forest 
resources to diet compared to sedentary agricultural or urban communities.
Dounias et al. 
(2007)
Hunter-gatherer to 
market-oriented rice 
cultivation in Borneo
People in resettled area with better access to markets, where people’s liveli-
hood strategies focus on market-oriented rice production had poorer diets 
compared to those in a remote area (possibly due to lower use of wild foods 
and less time for production of non-staples)
Colfer (2008a)
Agricultural community 
in forested landscape 
mosaic, transition after 
introduction of payments 
for ecosystem services 
(PES ) in Mexico
Community perceived loss of food security, and greater dependence on 
purchased food. They perceived lower maize yields due to shorter fallows (less 
agricultural land / no new land available), lower meat consumption (no more 
hunting, all meat now has to be purchased and the money from PES cannot 
fully compensate for loss of hunting). 
Ibarra et al. 
(2011)
Table
3.4
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interventions on nutrition outcomes all concluded that 
there is convincing evidence for the positive impact of 
home garden interventions on nutrition, especially access 
to fruits and vegetables and intake of vitamin A (Berti et 
al., 2004; Girard et al., 2012; Masset et al., 2012; Powell 
et al., 2015; Tontisirin et al., 2002). 
More research is needed into the detailed contribu-
tion of different forms of forest and tree management 
systems to nutrition.
3.4 The Socio-Economic Organisation 
of Forests and Tree-based Systems
3.4.1 Introduction
The viability of production system options available to 
farmers, including forests and tree-based systems, is in-
fluenced by an array of biophysical and socio-economic 
factors. Understanding both the opportunities and con-
straints on the retention or adoption of these production 
options is of prime importance to all concerned with en-
hancing the food security and nutrition of farmers and 
rural communities as well as the urban and increasingly 
globalised populations whose food they produce.
Challenges faced by families and communities that 
rely on forests and tree-based systems for their food se-
curity and nutrition include heterogeneous and unpre-
dictable environmental conditions (e.g. unpredictable 
weather exacerbated by climate change, fragile and/or 
marginal soils), forest degradation, deforestation and as-
sociated biodiversity losses. Production systems are also 
embedded in underlying “invisible” social, economic and 
political structures, and are influenced by social and cul-
tural norms, values, beliefs, customs and traditions. Such 
factors determine social and gender relations and their 
interaction within production systems, and shape the cul-
tural identities of different ethnic and social groups and 
communities and indigenous peoples, and their food and 
livelihood preferences and choices. Social, economic and 
political structures also embody power relations which 
determine access to land, trees and other productive re-
sources, and participation by different stakeholders in 
forest and natural resource governance mechanisms and 
the resulting outcomes in terms of resource appropriation 
or sharing and conflict resolution. 
The socio-economic organisation in the four produc-
tion systems identified earlier in this chapter is highly di-
verse and complex, with considerable variations between 
and within continents and countries. Even a single land-
scape often comprises peoples or social groups of differ-
ent ethnic or religious affiliation, class, caste, political 
ideology or agricultural profession (pastoralists, seden-
tary farmers, foresters, plantation managers, hunters and 
gatherers) who may have overlapping, complementary or 
quite distinct production systems. 
This section concentrates on the three factors directly 
affecting the socio-economic organisation of production: 
land and tree tenure, gender relations, human capital and 
financial capital (including credit), with a focus at the 
community and household level. These factors and their 
interrelationships are constantly evolving in response to 
external changes that include: shocks (such as drought, 
disease, food price hikes), longer-term climate change 
trends, public action (policies, laws, administrative pro-
cedures), infrastructrure development, innovations and 
new technologies, improved extension services, changes 
in governance frameworks and institutions, popular de-
mand voiced through protest and social movements, and 
new opportunities brought about by changes in markets 
for land, labour, agricultural and tree products, and forest 
sub-soil resources (such as minerals, fossil fuels). While 
the drivers of these changes are discussed in Chapter 4, 
the implications for the socio-economic organisation 
of production in forests and tree-based systems are ad-
dressed in this section, with particular focus on the liveli-
hoods, food security and nutrition of the poor. 
3.4.2 Land, Tree and Related Natural  
Resource Tenure
The four forest- and tree-based systems described earlier 
in this chapter (Section 3.2) are governed by a web of 
highly complex land tenure systems in which rights to 
land, trees and other natural resources such as water are 
commonly categorised as: private, communal, open ac-
cess and state (Box 3.3). The related tenure rights can be 
defined through formal or statutory legal arrangements 
(de jure), which predominate in private or state land, or 
by customary practices (de facto) which are prevalent in 
communal and open access regimes. 
Forests and tree-based systems are characterised by 
different land right regimes (defined in Table 3.5), though 
there are marked context-specific variations in practice. 
Village near Corbett National Park, India.
Photo © PJ Stephenson
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Shifting cultivation is practised generally on land that 
is not privately owned while agroforestry is commonly 
practised on private land in South Asia, parts of North Af-
rica, and Europe and on communal land in sub-Saharan 
Africa. Plantations and smaller tree crop stands grown by 
corporations/large farmers and smallholders respectively 
are usually on private land which provides the tenure se-
curity needed to protect costly, long-term investments. 
However, in countries where communal tenure is fairly 
secure, smallholder tree crops are also found on commu-
nal land (for example, cocoa trees in Ghana (Quisumbing 
et al., 2003), or oil palm on collectively-held customary 
land in Indonesia (Li, 2014)). Corporations quite com-
monly lease state land for tree plantations, for example, 
in Indonesia for oil palm (Li, 2014) and in many countries 
in Southeast Asia, Africa and Latin America for industrial 
timber concessions (c.f. Hatcher and Bailey, 2010). Final-
ly, all four types of tenure can apply to managed forests, 
with the actual distribution by tenure varying by region 
and country. 
Bundles of rights, incentives and  
food security 
In practice, different tenure regimes can co-exist in the 
same landscape, and even within some tenure regimes 
two or more individuals or groups can have different 
rights to a specific area of land or related natural re-
sources (such as trees), either simultaneously or in 
different seasons. Thus it is useful to think of “bun-
dles of rights” that can be held by different holders of 
the rights (FAO, 2002a; Bomuhangi et al., 2011). A 
frequently-used classification, developed by Schlager 
and Ostrom (1992), distinguishes: access, withdrawal, 
management, exclusion and alienation rights. Access 
rights enable entry to the land, such as the right to walk 
in a forest. Withdrawal rights include the right to take 
something from the land, such as forest foods, fire-
wood, timber. While in many countries communities 
have withdrawal rights for subsistence or small scale 
commercial activities, in some cases such as Thai-
land, legislation does not recognise customary rights 
of forest communities, rather criminalising extraction 
of forest products and land occupation (RRI, 2012). 
Management rights cover the right to use or change the 
land, such as to plant trees or crops or to graze animals, 
or to make improvements to the land, such as better wa-
ter management. In many countries, traditional man-
agement systems developed by local communities and 
indigenous people to regulate access and withdrawal 
rights by community members have been replaced by 
government-authorised systems, subject to certain con-
ditions. These can bring benefits, for example, in re-
ducing deforestation and increasing community access 
Land tenure categories
Representing the relationship, whether 
legally or customarily defined, among people, as individu-
als or groups, with respect to land (including land-related 
natural resources such as water and trees), land tenure is 
commonly categorised as: 
Private: the assignment of rights to a private party who 
may be an individual, a married couple, a group of people, 
or a corporate body such as a commercial entity or 
non-profit organisation. For example, within a community, 
individual families may have exclusive rights to agricultural 
parcels and certain trees. Other members of the commu-
nity can be excluded from using these resources without 
the consent of those who hold the rights.
Communal: a right of commons may exist within a com-
munity where each member has a right to use inde-
pendently the holdings of the community. For example, 
members of a community may have the right to graze 
cattle on a common pasture.
Open access: specific rights are not assigned to anyone 
and no-one can be excluded. 
State: property rights are assigned to some authority in 
the public sector. For example, in some countries, forest 
lands may fall under the mandate of the state, whether at 
a central or decentralised level of government.
Source: FAO, 2002a. 
Note: The rights to subsoil resources such as minerals, 
natural gas and oil are almost always reserved for the 
state (RRI, 2012).
Box
3.3
Generalised overview of types of tenure rights associated with forests  
and tree-based systems
Forest/Tree-based system
Rights
Private Communal Open Access State
Managed forest ✔ ✔ ✔ ✔
Shifting cultivation ✔ ✔ ✔
Agroforestry ✔ ✔ ✔
Single-species tree crop systems ✔ ✔ ✔
Table
3.5
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to fuelwood and fodder and control over NTFPs, but 
they can also weaken a community’s capacity to func-
tion flexibly and effectively to meet community needs 
for food and other livelihood requirements (Larson et 
al., 2010; RRI, 2012; Barry and Meinzen-Dick, 2014). 
Exclusion rights prevent others from using the land or 
resource, while alienation rights enable the transfer of 
land to others, by sale, lease or bequest.
Table 3.6 illustrates the complexity of these bundles of 
rights for the four forest- and tree-based systems. While 
not compatible with systems of shifting cultivation, pri-
vate tenure permits all five rights (i.e. “full ownership”) 
in the other three systems. Communal right regimes op-
erate in all four systems, and are particularly extensive 
in Latin America and Africa. They are usually man-
aged by (informal) community mechanisms (sometimes 
Bundles of rights typically associated with  
different forest- and tree-based systems
Forest/Tree based  
Systems and Tenure*
Rights
Access Withdrawal Management Exclusion Alienation
Managed forest
Private ✔ ✔ ✔ ✔ ✔
Communal ✔ ✔ CG CG X
Open Access ✔ ✔ X X X
State ✔ ✔ ✔ SB / CG (CO) ✔
Shifting cultivation
Communal ✔ ✔ CG CG X
Open Access ✔ ✔ X X X
State ✔ ✔ ✔ CG (CO) ✔
Agroforestry
Private ✔ ✔ ✔ ✔ ✔
Communal ✔ ✔ CG CG X
State ✔ ✔ ✔ SB (CO) ✔
Single-species Tree Crop systems
Private ✔ ✔ ✔ ✔ ✔
Communal ✔ ✔ CG CG X
State SB / CB SB / CB SB / CB SB / CB SB
Table
3.6
Source: Adapted by authors from FAO, 2002b and Schlager and Ostrom, 1992
(CG) Traditional Community Groups;   
(CB) Corporate Bodies; (SB) State Body;  
(CO) Community Organisation with formal/legal rights and obligations. 
X = Not permitted
* The tenure categories are taken from FAO, 2002b, given in Box 3.3, and also used in Table 3.5
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government-authorised under specific conditions) and 
enjoy some exclusion rights. Importantly, they do not 
have alienation rights. Open access regimes are confined 
to shifting cultivation and, in a few countries, some man-
aged forests, where users only have access and withdrawal 
rights. Finally, in most countries the state owns the major 
share of managed forests and tree plantations, commonly 
delegating management rights to state bodies and/or for-
mal community organisations under strict conditions, or 
leasing land for tree plantations to corporate bodies with 
all rights except alienation.
More recently, the Schlager and Ostrom (1992) classifi-
cation has been expanded (RRI, 2012; Stevens et al., 2014) 
to include the dimensions of duration and extinguishability.
Duration considers whether the rights are held in per-
petuity or for a limited time period. Permanent rights are 
vital to safeguard the sovereignty and autonomy of indig-
enous peoples, (RRI, 2012) and because “indigenous peo-
ple’s right to food is inseparable from their right to land, 
territories and resources, culture and self-determination” 
(Damman et al., 2013). Often, in customary systems the 
duration of rights is determined by evidence of continu-
ous use (e.g. in Meghalaya, India (Kumar and Nongkyn-
rih, 2005); and in Gambia (Dey, 1981)). Long-term rights 
provide security and incentives to invest and maintain 
sustainable forest and tree management practices (RRI, 
2012). In Viet Nam, for example, long term (50 years or 
more) use rights to forest lands have been secured through 
Land Use Certificates, with a total of 1.8 million certifi-
cates having been issued by December 2010 (FAO, 2014). 
The right of extinguishability ensures “due process 
and compensation” when governments exercise their 
universal right of “eminent domain” to expropriate lands 
for the “public good”. While private land owners as well 
as communities and indigenous peoples with de jure use 
rights to state or communal forest land generally have le-
gal entitlements to due process and compensation, com-
munities with de facto rights are vulnerable to losing 
their land and their livelihoods (RRI, 2012). For example, 
herders in Mongolia protested at government issuance of 
gold mining rights to national and foreign companies, as 
they lost pastures and forests and their water was polluted 
by the mines (New Zealand Nature Institute, 2006). Log-
ging concessions as well as illegal logging on indigenous 
peoples’ land in Indonesia and Peru, have displaced thou-
sands of people from forests on which they depend for 
their food and livelihoods (United Nations, 2009). Even 
with official de jure rights, in many instances weak gov-
ernment protection may make it difficult for communi-
ties to assert their rights. For example, Peru and Colom-
bia have ratified various international conventions and 
covenants regarding indigenous peoples and the right to 
adequate food for all, and have demarcated and titled a 
large part of indigenous and community land, yet they 
have authorised hydrocarbon and mining companies to 
operate on this land, without consultation or consent by 
the indigenous peoples and communities concerned.
Multiple rights to a specific parcel of land or to specific 
natural resources on it can be held simultaneously or suc-
cesssively by several people or groups (Bruce, 1999; Fuys 
and Dohrn, 2010). These complex rights mean that even a 
single landscape that might contain forests, agroforestry 
with trees, crops, pastures and animals, and lakes/rivers, 
would be subject to a web of different property rights 
regimes or, as conceptualised by Bruce (1999), “tenure 
niches”. For food security and livelihoods, it is important 
to recognise that these “bundles of rights” can be further 
broken down, with different individuals, families, kinship 
and other groups (cross-cut by gender, class and agricul-
tural specialisation) accessing different “rights” to the 
same resources. The exercise of these rights can be com-
plementary, for example, where some people (especially 
men) may have ownership or usufruct rights to trees, and 
others (especially women) to certain products from these 
trees such as fruit and small branches for fuel (Rocheleau 
and Edmunds, 1997). In Zimbabwe for example, in com-
munal tenure systems among the Baganda, only men use 
fig trees (Ficus natalensis) to produce bark cloth, hang 
beehives and create boundaries while only women use 
figs for soil improvement and as shade for other crops. In 
northern Thailand upland residents have rights to collect 
bamboo on individually-owned lowland farms (Fuys and 
Dohrn, 2010). 
Rights to trees may be different from rights to the land 
on which they grow, particularly in the case of custom-
ary tenure systems (Howard and Nabanoga, 2007). How-
ever, even under private tenure, they may be different, for 
example, in Morocco the state owns argan trees even if 
they are grown on private land (Biermayr-Jenzano et al., 
2014). Under customary tenure, an individual’s rights to 
trees may depend on his/her rights to the land on which 
they are grown, while planting trees can also establish 
rights to land. However, bundles of rights to trees and their 
products can also be held by different individuals (with or 
without the land ownership or use rights), simultaneously 
or at different times, for different purposes (Fortmann and 
Bruce, 1988). These rights are often nested and layered 
in space as well as among rights holders, creating differ-
ential entitlements to benefits that are also related to the 
broader social structures (Howard and Nabanoga, 2007), 
and the social and religious/spiritual norms, values and 
practices of the concerned communities. 
The exercise of multiple rights can cause conflicts 
despite the existence of mediation mechanisms (Bruce, 
1999). For example, in the state-owned argan forest ar-
eas in southwestern Morocco, tensions are rife between 
nomadic camel and goat herders with grazing rights and 
local residents with rights to exploit the argan fruit (Bier-
mayr-Jenzano et al., 2014). In Senegal, disputes between 
Wolof farmers and Peul herders over the use of branches 
from the baobab trees for fodder undermined the Peuls’ 
food security and livelihoods. These disputes were ex-
acerbated by a government decree protecting the baobab 
tree (Rose, 1996). 
As Schlager and Ostrom observe (1992) “Different 
bundles of property rights, whether they are de facto or 
de jure, affect the incentives individuals face, the types of 
actions they take, and the outcomes they achieve”. These 
rights are ultimately critical for ensuring food security 
and nutrition. 
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3.4.3 Gender, Rights to Land and Trees,  
and Food Security
Reviewing country-level statistics and a large number of 
field studies, Lastarria-Cornhiel et al. (2014) conclude 
that most land tenure systems are gender-biased, allocat-
ing primary rights to land to male members of the com-
munity and family. Gender differences in ownership or 
use rights to trees are particularly complex and vary by 
culture. In many countries, trees on state, community or 
open access land belong to the state. Women in matrilin-
eal systems often have stronger rights, though some-
times these are controlled by their brothers or maternal 
uncles. Gender differences in the way land is accessed 
also contribute to differences in tenure security. In sub-
Saharan Africa, men often acquire use and management 
rights to land through inheritance or allocation by their 
clan or lineage, while women more commonly acquire 
temporary use rights (and occasionally permanent rights) 
through marriage and to a considerably lesser extent 
through fathers and brothers (Rocheleau and Edmunds, 
1997; Howard and Nabanoga, 2007; Kiptot and Franzel, 
2012; Meinzen-Dick et al., 2014; Lastarria-Cornhiel et 
al., 2014). In such customary systems, women frequently 
lose their land use rights if their marriages are dissolved 
(through separation, divorce or death of their spouse), 
particularly if they do not have sons. In Latin America, 
women are more likely to acquire land through inherit-
ance (so their rights are not affected if their marriages 
dissolve) and men through purchases in land markets 
(Doss et al., 2008). Paradoxically, the emergence of land 
rental markets in customary systems, particularly in sub-
Saharan Africa, can facilitate women’s access to land as 
male owners are more ready to rent to women because 
they are prohibited from acquiring permanent land rights 
(Giovarelli, 2006; Lastarria-Cornhiel et al., 2014). 
Rural men and women often acquire different types of 
assets (Meinzen-Dick et al., 2014). Men are more likely 
to own large livestock such as cattle and buffaloes and 
women small livestock such as poultry and goats (Krist-
janson et al., 2014). In rural Philippines women tend to 
have higher educational levels (and thus better access to 
non-farm work) while their brothers are more likely to 
inherit family land (Quisumbing et al., 2004). In Asia, 
women are more likely to own jewellery, and men are 
more likely to own land and assets such as farm equip-
ment and vehicles (Agarwal, 1994b; Antonpoulos and 
Floro, 2005, cited in Meinzen-Dick et al., 2014). 
Where the state owns trees, the use rights are either vest-
ed in the community, which exercises management respon-
sibilities or in the male leaders of the lineage or households 
(Rocheleau and Edmunds, 1997). Often the effectiveness 
of women’s rights depends on their voice in local institu-
tions that are commonly male-dominated (Agarwal, 2010; 
Lastarria-Cornhiel et al., 2014). In the case of community-
owned land and state land managed by communities, wom-
en often have secondary rights legitimised through their 
relationship to men. Howard and Nabanoga (2007) found 
highly complex gender-differentiated rights to trees and 
their products among the Baganda in Uganda that varied 
according to their location in homesteads, croplands, com-
mon lands or state forests. While only men owned trees on 
private land, women’s customary rights to plant resources 
in gendered spaces on common or state land were as strong 
as men’s. Rocheleau and Edmunds’ (1997) review of stud-
ies in Africa also found that women’s rights are substantial, 
particularly in customary systems where they have rights 
to fuelwood, medicinal plants and wild foods in the “bush” 
or forests, in “in-between” spaces not valued by men, such 
as bush along roadsides, fences, and boundaries between 
men’s trees and crops, as well as home gardens near their 
houses, and also to certain tree products (e.g. fruit, fuel-
wood, leaves, fodder) growing on men’s land. Agarwal 
(1994b) found that in Sri Lanka women sometimes re-
ceived coconut trees as dowry and their brothers would 
periodically send them a share of the harvest.
However, these cases cannot be generalised, even in 
customary systems. For example, in Ghana, women have 
been able to acquire their own trees, through acquisition of 
private land through the market and sale of cash crops such 
as cocoa (Berry, 1989, 1993 cited in Rocheleau and Ed-
mond, 1997; Lastarria-Cornhiel, 1997) or as gifts of cocoa 
trees from their husbands in compensation for their labour 
on the men’s cocoa trees (Quisumbing et al., 2003). In the 
Colombian Pacific region, Afro-Colombians have highly 
complex tenure systems that permit both men and women 
to own trees that they have planted or inherited, and their 
products such as fruit and tree snails (Asher, 2009).
The nature and security of women’s rights to land, 
trees and their products are of central importance to en-
suring household food security. Gender differences in the 
types and relative sizes of productive assets and control 
of income are critical for food security as a large body of 
evidence shows that women are more likely to spend their 
income (from their own production or wage labour) on 
Forest and agriculture mosaic landscape, Cat Ba, Vietnam.
Photo © Terry Sunderland
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food, healthcare and education of their children (Haddad 
et al., 1997; Agarwal, 1997; Njuki et al., 2011; FAO, 
2011; Kennedy and Peters, 1992; Duflo and Udry, 2004; 
Meinzen-Dick et al., 2014).
The interrelationships between women’s rights to trees 
and their products and household food security and nu-
trition raise two major issues. The first is the need for 
women’s security of tenure. This is clearly demonstrated 
by Fortmann et al. (1997), who found in their study of two 
Zimbabwe villages in the communal areas that women 
were much less likely than men to plant fruit and other 
trees within the homestead or on household woodlots be-
cause the trees and their produce belonged to their hus-
bands (as household head), and they lost their use rights 
to the produce if he died or they divorced (even if they 
still lived nearby). However, both men and women were 
equally likely to plant trees on community woodlots 
where the duration of their rights to the trees was secure 
as long as they remained village residents. Furthermore, 
while richer men planted considerably more trees than 
poor men, indicating a greater ability to engage in com-
mercial production, this was not the case for richer wom-
en who planted a few trees for subsistence and had less 
risky ways of earning, such as producing annual crops for 
sale, beer brewing and handicraft sales. 
The second issue is the complementarity between men’s 
and women’s access to different products from the same 
trees, sometimes in different seasons, and from different 
tenure systems. For example, in Uganda, jackfruits located 
in different areas are used differently by men and women. 
Women reported 60 percent of uses in homegardens, which 
were mainly for subsistence especially during periods of 
food shortage (they use leaves for fodder and medicine) 
while men reported over 80 percent of uses on croplands 
that were for sale and subsistence, as well as fuel. Jack-
fruits on common land and in state forests were only used 
for subsistence fuel (Howard and Nabanoga, 2007). 
Land ownership or use rights may not be sufficient to 
exercise control over the use, management and the prod-
ucts of trees on their land (Agarwal, 1994a; Rocheleau 
and Edmunds, 1997; Deere et al., 2013). Even where 
women have land ownership rights, research in the Gen-
der Asset Gap Project in Ecuador, Ghana and the state 
of Karnataka in India found that land did not automati-
cally translate into decision-making on what to grow, how 
much of the crop to sell, and over the use of the income 
generated from crop sales (Deere et al., 2013).
3.4.4 Human Capital, Control and Decision-
making in Forests and Tree-based Systems 
Rights to forests and trees and their products are embed-
ded in the broader social systems that also determine ac-
cess to human and financial capital, decision-making pro-
cesses and control of the products or income from their 
sale, thus affecting the way in which these property rights 
are used. Since social systems are not static, these rights 
can be negotiated or changed over time (Meinzen-Dick et 
al., 1997; Rocheleau and Edmunds, 1997). 
In many customary and open access tenure systems, 
the notion that individuals own their labour power and the 
products of their labour is widespread. Rights to forest land 
and trees are commonly established by the act of clearing 
primary forest. For example, the Lauje in Sulawesi, Indo-
nesia, considered that the person who invested labour in 
clearing land or planting trees owned the land and the trees, 
and could alienate these through gift, sale or exchange (Li, 
1998). Similarly, in sub-Saharan Africa, rights to land are 
derived from the labour expended to clear or cultivate the 
land. Land is commonly held under lineage-based systems, 
in which a male lineage member is entitled to land to sup-
port his family, and can use this as long as it is being cul-
tivated. His heirs would normally be given the land that 
was cultivated at the time of his death (Platteau, 1992). 
Women are sometimes prevented by men from clearing 
land, for example, in The Gambia, as this would make the 
land “women’s property” and their husbands or other male 
relatives would have no control over it if their husbands 
died or they divorced (Dey, 1981). 
In open access and communal forest systems (includ-
ing local and indigenous communities’ formal or informal 
use of state land), the availability of human capital (com-
monly proxied as labour and education (Meinzen-Dick 
et al., 2014), though also covering traditional knowledge 
and skills and health that are less easily quantified) is one 
of the main factors affecting the ability of an individual, 
household or community to clear, maintain, and use for-
ests and tree products. While labour is a key factor, spe-
cialised knowledge and skills that are often gender- and 
age-specific are also critical. For example, women often 
specialise in forest medicinal plants and fuelwood, and men 
in hunting wild animals for food, while either may have 
rich knowledge of other foods and fodder, depending on 
their cultures. 
Often very poor families with few resources except 
their labour are highly dependent on forest products for 
their food security and livelihoods (Jodha,1986; Fisher, 
2004; Adhikari, 2005; Narain et al., 2008). However, 
the literature indicates that while resource dependence 
(defined by Narain et al., 2008, as the share of resource 
income in overall income) tends to decline with overall 
income, the relationships are complex and there is no 
consistent trend. For example, Fisher (2004) and Narain 
et al. (2008) found that forest income declined with the 
household head’s level of education in Malawi and Mad-
hya Pradesh (India); similarly, Adhikari (2005) found that 
in Nepal, forest income declined with the household’s av-
erage level of education. Both Adhikari and Narain et al. 
found that forest income increased with household live-
stock holdings as such households required more fodder. 
The results were also affected by the availability and type 
of labour, and by education/skills. 
More remote villages may have higher dependence 
on forest resources as they have fewer opportunities for 
off-village labour, and are likely to have higher costs 
for purchasing resources and food (Narain et al., 2008). 
Duchelle et al. (2014) found that in the more remote com-
munities in Pando (Bolivia) forest income made up 64 
percent of total household income compared with only 
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12 percent in the region of Acre in Brazil, just across the 
border, which is better connected to markets and towns, 
and off-farm work opportunities. 
Agroforestry systems (on private or communal land), 
woodlots and small tree stands are becoming an increas-
ingly important smallholder livelihood strategy in many 
countries for a variety of reasons (see Section 3.2.4) of 
which a critical one is labour. Trees demand less labour 
than most field crops and are attractive where labour is 
scarce, expensive or difficult to manage. Households with 
sufficient income from non-farm sources, which there-
fore may not need to cultivate their land intensively, may 
also plant trees to provide food and other products, or to 
retain surplus land as an alternative to renting out or sell-
ing the land (Arnold and Dewees, 1998).
Shortages of labour (especially male labour) as well as 
land are leading to shorter fallows and longer cultivation 
periods in many shifting cultivation systems (Hunt, 1984; 
AIPP and IWGIA, 2014). Land shortages, for example, in 
the uplands of Southeast Asia, are the result of increasing 
population densities from endogenous growth and in-mi-
gration by large numbers of lowlanders, as well as loss of 
access to land taken over by the governments (Cairns and 
Garrity, 1999). Analyses of studies from across Southeast 
Asia have shown that increasing returns to labour is usu-
ally much more important than increasing yields per unit 
of land area (Cairns and Garrity, 1999). 
The intrahousehold division of labour and control of 
the product, by gender and age, is highly complex across 
and within forests and tree-based systems, regions, coun-
tries and cultures. In many cases women provide substan-
tial labour and management of particular forest/tree prod-
ucts but men control the disposal or marketing of these 
products and the distribution/use of the benefits (World 
Bank et al,. 2009; Rocheleau and Edmunds, 1997). Case 
studies in seven Asian countries showed that indigenous 
women perform about 70 percent of the work in shifting 
cultivation. Men identify suitable land and do the hard 
physical work in land preparation. Women also help in 
clearing the land, selecting seeds and weeding, while both 
men and women harvest and conduct the rituals during 
the cultivation cycle together (AIPP and IWGIA, 2014). 
In some parts of Africa, women are involved in small 
retailing of forest products and men in wholesale trade 
(Kiptot and Franzel, 2012). This may affect incentives 
to increase production and sustainable resource manage-
ment, with negative implications for improving food se-
curity and livelihoods. Based on her field work in Africa, 
Whitehead (1985) distinguishes between sex-sequential 
labour processes on a single product and sex-segregated 
labour processes on similar or different products. She 
considered women’s claim on the product of their labour 
to be weaker in the first case, as their contributions were 
submerged in the conjugal role. In contrast, in Southeast 
Asia, Li (1998) found that the key issue was not the divi-
sion of labour itself but the extent to which labour invest-
ment is directly connected to the creation of the property. 
Women are often disadvantaged in access to and con-
trol of agricultural labour (Dey Abbas, 1997; FAO, 2011; 
Hill and Vigneri, 2014). Kumar and Quisumbing (2012) 
found that in Ethiopia, female-headed households tended 
to be smaller than male-headed households, and have a 
larger proportion of female members which disadvan-
taged them as many agricultural operations are male-
intensive. This is particularly the case for ploughing, a 
task which cultural norms proscribe for women. Simi-
lar constraints were reported for Botswana (Fortmann, 
1983; Peters, 1986) and Zambia (Feldstein and Poats, 
1990). In many sub-Saharan African countries, women 
are also obliged by custom to provide labour, food and 
sometimes cash crops for male-controlled households. 
These obligations often take precedence over women’s 
rights to work on their personal fields, trees or other in-
come-generating activities (Dey Abbas, 1997; van Kop-
pen, 1990; Hill and Vigneri, 2014). Women also have 
heavy domestic demands on their labour, which limits 
the time they can spare for their agricultural work (Qui-
sumbing and Pandofelli, 2009).
Interestingly, despite women’s labour and cash/credit 
constraints, female-managed cocoa farms in Ghana were 
as productive as male-managed farms (Hill and Vigneri, 
2014). Women were able to compensate by using labour 
exchange groups and relying more on labour-intensive 
production methods rather than the use of purchased 
modern inputs. This balancing of labour and non-labour 
inputs confirms the review of evidence in FAO (2011) 
that women are as productive as men, if they have the 
same level of inputs. 
3.4.5 Financial Capital and Credit: Using and 
Investing in Forests and Trees 
Financial capital includes savings/debt (including in 
banks, credit unions, cooperatives, informal savings 
clubs or tontines), gold/jewellery income, credit, insur-
ance, state transfers and remittances (Carloni, 2005; 
IFPRI, 2013). Savings are often in the form of live-
stock assets, for example, as is the case in Acre (Brazil) 
(Duchelle et al., 2014).
It is frequently argued that poor households (espe-
cially those headed by women) are more dependent on 
forest resources for food and income than richer house-
holds although the evidence is mixed (Adhikari, 2005). 
A growing body of evidence suggests that the role of 
capital and/or credit is critical in enabling households 
or individuals to exploit forest resources. For example, a 
study by Adhikari (2005) in Nepal found that households 
with land and livestock assets gained more from commu-
nity forests because they were able to make greater use 
of intermediate forest products such as leaf litter, fodder 
and grass products. Female-headed households benefit-
ted less than male-headed households, as they had fewer 
livestock and had minimal involvement as office bearers 
in the forest user groups. These findings are consistent 
with those of Velded (2000) who found that the benefits 
from common grazing land among the Fulani in Mali 
were exclusively related to capital, technology and skill 
levels, and those of Narain et al. (2008) in relation to 
complementarity of asset ownership in Jhabua (India).
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For the majority of smallholders in local or indigenous 
communities, forest income is often insufficient to sup-
port investment in forest and tree resources. A number of 
countries have introduced small grants and microcredit 
schemes for smallholders, sometimes through the mecha-
nisms of producer cooperatives or, particularly in Latin 
America, by facilitating relations beween banks and small 
forestry producers (FAO, 2014). In Viet Nam, through its 
2007 Decision 147 on the promotion of forests for pro-
ductive purposes, the government encouraged households 
to engage in the plan to establish 250,000 ha of new plan-
tations per year till 2015 by providing low credit rates for 
smallholders (FAO, 2014). 
These schemes seem to neglect earlier evidence (Ar-
nold and Dewees, 1998) which showed that tree planting 
only requires low inputs of capital and that subsidies can 
lead to adoption of inappropriate tree species or lead to 
distortions in land use. Arnold and Dewees (1998) also 
refer to widespread evidence that seedling distribution, 
fertiliser and cash subsidies tend to be captured by larger 
farmers, who are not food insecure. 
The adaptation of shifting cultivation systems to “dual 
economies” among many indigenous communities in Asia 
reflects also the importance of improved market access as 
well as greater opportunities to access credit or wage labour 
to invest earnings in farming and improve food security and 
livelihoods (AIPP and IWGIA, 2014). The report by AIPP 
and IWGIA (2014) provides examples of resulting innova-
tive combinations of shifting cultivation with agroforestry 
(e.g. fruit and cashew orchards in Cambodia, rubber gardens 
in Indonesia), growing high value cash crops in shifting cul-
tivation fields (e.g. vegetables, herbs, ginger, turmeric in In-
dia and Bangladesh), establishing separate, permanent fields 
for cash crops (e.g. tobacco, maize, flowers, pineapple, vege-
tables in Thailand, India, Bangladesh) and improving fallow 
management by planting specific trees in India. 
Numerous studies cite evidence that women generally 
have less access to capital than men. They are often pre-
vented by social norms or their heavy domestic and car-
ing work from engaging in paid work outside the home 
or community (where wages are generally lower than in 
more distant, urban, jobs) and have less capacity to es-
tablish or buy tree gardens (Li, 1998). Women’s lack of 
financial capital is often cited as a reason for their greater 
dependence on common property resources, as in Ethio-
pia (Howard and Smith, 2006).
3.5 Conclusions
Forests and tree-based systems have historically played 
a major role in supporting livelihoods as well as meet-
ing the food security and nutritional needs of people 
worldwide. These systems, including natural forests that 
are managed to optimise yields of wild foods and fod-
der, shifting cultivation, a wide variety of agroforestry 
systems and single-species tree crops, are still dominant 
components of rural landscapes in many parts of the 
world, and remain critical to food security and nutrition 
of hundreds of millions of people worldwide. 
They offer a number of advantages over permanent 
(crop) agriculture given their adaptability to a broader 
range of environmental conditions (e.g. soils, topography 
and climate) and changing socio-economic conditions 
and the diversity of food products derived from them.
Most forests and tree-based systems we see in the 
world today – particularly managed forests, shifting 
cultivation and agroforestry systems - are underpinned 
by the accumulated traditional knowledge of local and 
indigenous communities. This knowledge has been 
crucial to the development and modification of these 
systems over generations under diverse and variable 
environmental conditions and to meet changing socio-
economic needs. 
Only rarely and relatively recently have agricultural 
and forest scientists, extension agents and development 
organisations begun to understand the importance and 
relevance of many of these systems, and begun to work 
with farmers to combine the best of traditional and for-
mal scientific knowledge to enhance their productivity 
and direct (food security and nutrition) and indirect (in-
come) benefits to their practitioners. 
Despite their widespread use, particularly in regions 
of the world where food security and nutrition are of par-
ticular concern, the data needed for decision-makers to 
make informed choices is quite limited, especially at the 
global and national level. Further research is needed on: 
the actual extent of most of these systems, the numbers 
of people who rely on one or more such systems to meet 
their household food and/or income needs, and the rela-
tive value of different forests and tree-based systems on 
the diets and health of those who manage them. Such in-
formation is of great importance to policymakers, plan-
ners and development agencies seeking to improve the 
lives of food-insecure populations.
Differences in diets and nutrition associated with dif-
ferent subsistence strategies/different forms of land use 
(e.g. managed forests, shifting agriculture, agroforests, 
Women selling mangoes in a roadside market in Guinea.
Photo © Terry Sunderland
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and single-species tree crop systems) are not widely doc-
umented. Studies comparing hunter-gatherers and low-
population-density forest communities to more seden-
tary and urbanised groups have generally shown that the 
former consumed more meat but their diets were not nec-
essarily better. The few existing studies suggest that the 
impact of transitions from one form of subsistence and 
land use to another is context-specific and influenced by 
social, cultural and economic factors.
A number of studies have shown a link between tree 
cover and dietary diversity and consumption of nutritious 
foods. Although we do not yet understand the pathways 
of this relationship, it suggests that maintenance of tree 
cover around rural homes and communities may lead to 
more nutritious diets.
Forests and tree-based systems are part of broader eco-
nomic, political, cultural and ecological landscapes that 
typically include a mosaic of different food production 
systems and other land uses. How these different land use 
patches interact with each other in space and time can 
profoundly influence the productivity and sustainability 
of forests and tree-based systems as well as their food 
security and nutrition outcomes. 
Tenure regimes in all four forest and tree-based sys-
tems are highly complex, and rights to trees may be dif-
ferent from rights to the land on which they are grown. 
Different bundles of rights are nested and overlap in 
these different systems, varying by geographical, social, 
cultural, economic and political factors, and affecting the 
access of different population groups to the trees and their 
products for food, income and other livelihood needs. 
Most tenure systems are gender-biased, allocating pri-
mary rights to men. Since women represent 43 percent of 
the global agricultural labour force, and there is evidence of 
feminisation of agriculture in numerous developing coun-
tries, women’s weak and often insecure rights of access to 
land, forests and trees is undermining their engagement in 
innovation in forests and agroforestry systems with huge 
costs for the food security and nutrition of their families.
Rights to land, forests and trees in customary systems 
are commonly based on labour expended in clearing land 
or planting trees. Richer households with more assets (in-
cluding livestock) are able to claim or make greater use 
of forest common property resources. However, poorer 
households often have a higher dependence, as a propor-
tion of their total income, on forest resources for food 
security and livelihoods.
Tree planting and management requires low inputs of 
capital, mainly for labour, fertilisers and pesticides, and 
subsidies can lead to adoption of inappropriate trees or 
lead to distortions in land use. Such subsidies are often 
captured by larger farmers, who are not food insecure. 
Thus policies and incentives that improve demand and 
market prospects for trees rather than subsidising the es-
tablishment phase are more effective in promoting food 
security and improved livelihoods for the poor.
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4 DRIVERS OF FORESTS AND TREE-BASED SYSTEMS FOR FOOD SECURITY AND NUTRITION 
4.1 Introduction 
Drivers of change are the subject of a vast scholarly litera-
ture. In the context of this report, drivers are understood as 
natural or anthropogenic developments affecting forests 
and tree-based systems1 for food security and nutrition. 
This chapter aims to provide a structured and compre-
hensive overview of major findings from this literature 
in an effort to better understand the interrelations among 
these drivers and how they impact on food security and 
nutrition. It covers drivers that improve and contribute 
to food security and nutrition as well as those leading to 
increased food insecurity and poor nutrition. Changes to 
improve food security and nutrition result for example in 
an increased availability of food and better nutrition. In 
contrast, changes that lead to food insecurity increase the 
vulnerability of both ecosystems and humanity. Identify-
ing drivers and understanding their impact pathways is 
essential to determine options for effective interventions 
by enhancing positive and minimising negative effects 
(see Chapter 6). 
Driving forces can originate at different spatial scales 
and can be distant or proximate. In this chapter, attention 
is paid in particular to those drivers constraining forests 
and tree-based systems for food security and nutrition in 
vulnerable regions, i.e. the tropics, neo-tropics and sub-
Saharan Africa. Both the environmental and the human 
components of forests and tree-based systems for food 
security and nutrition are subject to changing dynamics 
presenting a different picture over time. These dynamics 
also imply that drivers and effects are strongly interre-
lated and can mutually affect each other. Consequently 
a simplified classification as driver or effect sometimes 
falls short in addressing this complex relationship. 
The chapter builds on a framework (see Figure 4.1) 
to categorise drivers and trace their impact pathways. 
According to their content, drivers can be separated for 
analytical reasons into the following four interconnected 
categories: (i) environmental, (ii) social, (iii) economic, 
and (iv) governance. Environmental drivers refer to de-
velopments in nature (many of which have themselves 
anthropogenic causes) that change food security. Social 
drivers include the role of patterns of social differentia-
tion, inequalities and changes in influencing forests and 
tree- based systems for food security and nutrition. Eco-
nomic drivers relate to direct and indirect impacts from 
economic activities that are both economy-wide and site 
specific. Governance refers to those institutions setting 
the rules of the game, differentiating between state and 
non-state governance. The drivers identified in these four 
groups mainly impact food security and nutrition through 
two major pathways: changes in land use and (forest) 
management or changes in consumption, incomes and 
livelihoods (see Figure 4.1). Both pathways determine 
food availability, access and stability that ensure food 
security and nutrition. 
This chapter presents findings from available scholarly 
literature for each category of driver and ends with a sum-
mary of major results. Literature about drivers referring to 
the interrelation between forests and tree-based systems 
on the one hand, and food security and nutrition on the 
other, is rare. For this reason, the authors of this chapter 
reviewed literature on the subject of change from both sci-
entific areas - forests and food security - and linked them 
to present a comprehensive overview of relevant drivers. 
4.2 Environmental Drivers 
Before reviewing different environmental drivers it 
should be highlighted once again that environmental and 
anthropogenic developments are marked by a complex, 
mutual relationship. Environmental drivers are them-
selves consequences of human action, policies and soci-
etal processes. Consequently the underlying interactions 
between social, political, economic and ecological pro-
cesses are difficult to isolate from each other. The effect 
of human activities on ecosystems has been large enough 
to warrant the call to rename the current geological era as 
the Anthropocene (Crutzen, 2006). Many critical thresh-
olds of the earth’s biophysical systems have already been 
crossed as a result of human activity (Rockström et al., 
2009). These processes have uneven impacts on different 
sections of humanity (Mohai et al., 2009). People living 
Abstract: In the context of this chapter, drivers are considered to be natural or anthropogenic devel-
opments affecting forests and tree-based systems for food security and nutrition. They can improve and 
contribute to food security and nutrition, but they can also lead to food insecurity and malnutrition. 
For analytical purposes, drivers are separated here into the following four interconnected categories: (i) 
environmental, (ii) social, (iii) economic and (iv) governance. When reviewing scientific findings twelve 
major drivers (i.e. population growth, urbanisation, governance shifts, climate change, commercialisation 
of agriculture, industrialisation of forest resources, gender imbalances, conflicts, formalisation of tenure 
rights, rising food prices and increasing per capita income) were identified within these four categories. 
They affect food security and nutrition through land use and management; through consumption, income 
and livelihood; or through both. These drivers are interrelated and can have different consequences 
depending on the social structure; for example, they can support food security for elite groups but can 
increase the vulnerability of other groups.
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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directly off production from the earth’s ecosystems are 
particularly affected by these changes. Factors such as 
increasing temperatures, variable precipitation, fragmen-
tation, deforestation, invasive species and loss of biologi-
cal diversity affect not only the extent of forest but also 
the structure and species composition within forests (and 
therefore, forest products) thus impacting on the avail-
ability of food and nutrition. 
Three significant larger scale environmental drivers 
that impact directly on the forests-food nexus will be dis-
cussed in this section: climate change, deforestation and 
forest transitions, and invasive species. The identification 
of larger scale drivers of forest change and food security 
is important given the conventional understanding that 
forest degradation is often the result of local processes 
such as conversion to agriculture, grazing and harvest of 
forest produce. While these local practices do have im-
pacts they are generally small-scale, reversible and are of-
ten regulated by local bodies. The larger drivers listed be-
low however call for action at national and global scales.
Climate change
Climate change is affecting global and local ecologi-
cal processes in many ways. Though the consequences 
are complex, there is enough evidence that ongoing and 
future changes are going to be drastic. The Intergovern-
mental Panel on Climate Change (IPCC) notes that by the 
end of this century rates of climate change as a result of 
medium to high emission levels “pose high risk of abrupt 
and irreversible regional-scale change in the composition, 
structure, and function of terrestrial ecosystems”. There is 
widespread evidence that the poorest regions in the world, 
such as sub-Saharan Africa, will be affected the hardest 
by climate change. The IPCC report notes that “increased 
tree mortality and associated forest dieback is projected 
to occur in many regions over the 21st century, due to in-
creased temperatures and drought” (IPCC, 2014). The ef-
fects of climate change, combined with land cover change 
such as reduced forest cover and fragmentation, exacer-
bate impacts (Afreen et al., 2010). These climate-induced 
changes affecting forest cover imply both direct and indi-
rect consequences for food security and nutrition: direct 
consequences result from changes in the availability and 
quality of food and nutrition, while indirect consequences 
result from changes in income and livelihoods related to 
forest products. The consequences of climate change for 
forests and tree-based systems for food security and nutri-
tion, however, are not well understood although compre-
hensive reviews of climate and agricultural food systems 
have been published (Vermeulen et al., 2012). 
The IPCC more specifically forecasts the following 
changes concerning forests: a decrease in tree densities 
in parts of North Africa, range shifts of several south-
ern plants and animals, changes in plant phenology and 
growth in many parts of Asia (earlier greening), distribu-
tion shifts of many plant and animal species upwards in 
elevation and an increase in tree mortality and forest fire 
in the Amazon. Climate-induced effects will interact with 
ongoing landscape changes to produce a range of syner-
gistic outcomes with significant effect on plant and forest 
health (Pautasso et al., 2010). Studies have demonstrated 
that climatic impacts interact with other landscape level 
drivers of change to affect biological assemblages and eco-
systems. For instance, some landscapes might hinder the 
dispersal of species and thus prevent species from shifting 
range (adapting) as climate regimes change (Garcia et al., 
2014). Tropical tree species are going to be the most af-
fected by climate change as they are already close to their 
Framework of drivers directly and indirectly impacting on forests and tree-based 
systems for food security and nutrition
Figure
4.1
Environmental Social Economic Policy
Landuse and Management Consumption, Incomes  and Livelihoods
Forest and tree-based 
food security and nutrition
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thermal tolerances (IPCC, 2014). The inability of species 
to adapt to changing climates combined with phenological 
changes such as earlier flowering (and thus reduced fruit 
yields and production) could result in direct impacts on 
the amount of forest resources available for harvest and 
use by local communities, particularly impacting those 
communities that are most dependent on forests. 
There is a shared understanding in the literature that 
climate change will affect the most vulnerable groups, 
especially women (Brody et al., 2008). An indirect effect 
of climate change is expected from increasing world food 
prices with harsh consequences for the poorest, including 
women. Literature dealing with gender imbalances of cli-
mate change impacts mainly refers to food security and 
agriculture. However, findings could be transferred to for-
ests and tree-based food systems and food security and nu-
trition. In particular, the literature identifies a number of 
reasons for the gender-differentiated vulnerability of cli-
mate change impacts. Amongst these, are different coping 
and adaptive abilities of men and women (UNDP, 2012) 
depending on the inequalities in access to assets as well as 
legal socio-cultural barriers preventing women from effec-
tively responding to climate change (UNDP, 2012).
Deforestation and forest transition
Deforestation and forest transitions interact with food 
security and nutrition in many ways, directly impacting 
on the extent of forest available for the harvest of fruit 
and other forest- and tree-based diets. In particular, defor-
estation and forest degradation affect biodiversity and the 
variety of food available through habitat loss and forest 
transformation.
The process of deforestation is complex and goes be-
yond the simple removal of trees; there is a continuum of 
forest structures that complicates what is understood as 
forests, and is accompanied often by rapid regrowth. The 
relationship between deforestation and forest dependence 
is neither inverse nor linear. It has been demonstrated that 
forests with intermediate levels of diversity are as viable 
for livelihoods as diverse forests, and secondary forests 
have been shown to provide more forest products than 
highly diverse forests (Saw et al., 1991). There is increas-
ing evidence that in some instances areas that were de-
forested are now indistinguishable from primary forests 
(Willis et al., 2004). The conventional understanding that 
current forested landscapes are remnants of past defor-
estation and degradation has been revisited by studies that 
have shown that these forests might have been raised by 
people through active management and customary prac-
tice (Fairhead and Leach, 1996; Virah-sawmy, 2009). 
While during the past decade deforestation rates have 
decreased globally, some countries are showing increas-
ing rates of reforestation (Meyfroidt and Lambin, 2011). 
Reforestation is occurring due to a host of factors such 
as flows of labour, capital, conservation policies, and the 
valuation of and markets for ecosystem services (Hecht et 
al., 2006). The valuation of ecosystem services and reduc-
ing emissions from deforestation and forest degradation, 
enhancing forest carbon stocks, sustainable management 
and conservation of forests (REDD+) has implications 
for the governance and local use of forests (Phelps et al., 
2010) (see Section 4.5). Consequently, policies that en-
courage reforestation risk having equally adverse impacts 
on local communities - by preventing access to forest re-
sources - as those that encourage deforestation. Equally, 
policies that are aimed at reducing deforestation and deg-
radation by local communities often lead to deprivation 
and livelihood insecurity (DeFries et al., 2010).
Studies have shown that there is a direct relationship 
between tree cover, tree species diversity and food secu-
rity especially of vulnerable groups (Ickowitz et al., 2014; 
van Noordwijk et al., 2014). Changes in the extent and 
type of forest have implications for the provisioning of 
food, and for food security and nutrition of local and dis-
tant human populations. 
Global rates of deforestation have been high for the 
last few centuries and have been driven by such factors 
as agriculture (commercial and subsistence), mining, ur-
banisation and infrastructure expansion (Hosonuma et al., 
2012; Williams, 2003) (see also Chapter 3). Globalisa-
tion and urbanisation trends starting in the 1980s have 
changed the agents of deforestation from local population 
use to capital-intensive commercial farming that supplies 
distant markets (Rudel et al., 2009). In a review of the his-
tory of forest clearing, Williams (2008) concludes, on the 
basis of four estimates, that the total area of forest that has 
been lost is between 19 and 36 percent which, while still 
a large area, is not as devastating as commonly perceived. 
Recent trends show that agriculture is the biggest driver 
of deforestation accounting for 73 percent of deforesta-
tion worldwide, while mining accounts for seven percent, 
infrastructure for 10 percent and urban expansion for 10 
percent (Hosonuma et al., 2012). Agri-businesses such as 
cattle ranching, soybean farming and oil palm plantations 
are now the most important drivers of forest loss glob-
ally (Boucher et al., 2011; Rudel et al., 2009). There are 
regional variations in the significance of drivers of de-
forestation, with urban expansion for example, being the 
most important in Asia. Commercial agriculture accounts 
for 68 percent of forest loss in Latin America and 35 per-
cent in Africa and Asia (Hosonuma et al., 2012). DeFries 
et al. (2010) show that forest loss is strongly correlated 
with urban population growth and the export of agricul-
tural products. Furthermore, the interrelation between 
forests and water has been highlighted in many studies 
(e.g. Malmer et al., 2010). Rainfall does not provide suf-
ficient water supply in many countries so households de-
pend on sources of groundwater that are often found in or 
near forested land. Deforestation affects water supply in 
different ways depending on local conditions. 
Invasive species
Another ecological driver of local forest change is inva-
sive species which are often a result of altered manage-
ment. Plants and animals have been constantly moved to 
new areas for a range of purposes and have been agents 
of positive as well as adverse change (Kull and Rangan, 
2008; Robbins, 2004). Managing landscapes for the con-
trol of invasive species has implications for food security 
through the increase in resources such as fodder, game 
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and tree species. The change in composition of forests or 
the dominance of certain species has ecological determi-
nants but as has been often recorded these follow from 
changes in management regimes and policy contexts 
(Dove, 1986; Robbins, 2004). While there has been some 
effort in defining and identifying invasive species, what 
is equally important is to identify the reasons that species 
were introduced and what social, economic and ecologi-
cal contexts enabled their spread. Often the introduction 
of species has had positive impacts on food systems such 
as with many tropical agroforestry systems (Ewel, 1999), 
while at other times it has had negative impacts, such as 
with forestry tree species for fuelwood and timber that 
have had adverse impacts on food species and water avail-
ability (Richardson and van Wilgen, 2004). 
The incursion of non-native species into terrestrial 
ecosystems has a long history through the exchange of 
plants and animals as a result of human movement. Some 
of these species become invasive and lead to structural 
and species changes in the forest as well as altering eco-
logical processes, ultimately affecting food availability. 
Recent research shows that invasive species are result-
ing in biodiversity loss and low regeneration rates of 
other native species (Ticktin et al., 2012). The ecological 
consequences of invasive species are high, as are socio-
economic outcomes (Pysek and Richardson, 2010). For 
example, in South Africa, the value of native fynbos eco-
systems has been reduced by over USD11.75 billion be-
cause of invasive species (van Wilgen et al., 2001).
Furthermore, the changes induced by climate change 
encourage certain species to move into forest habitats. 
The increase in energy availability in forests as a result 
of the shift in ranges of native species enables invasive 
species to fill the available capacity in these areas (Chown 
et al., 2013). In a study of the impacts of an invasive spe-
cies on a non-timber forest product species in India, Tick-
tin et al. (2012) have demonstrated that Lantana camara 
suppresses the regeneration of seedlings of the forest tree 
species and leads to drastic changes in population growth 
of this species. 
A strong relationship exists between governance re-
gimes and ecological outcomes. Forest areas that have 
seen recent incursions of invasive species are also areas in 
which customary practice has been suspended as a result 
of territorial governance regimes. Management regimes 
that have banned fires have seen significant increases in 
densities of invasive species (Debuse and Lewis, 2014) 
leading Robbins (2004) to assert that “it is not species, 
but sociobiological networks that are invasive”. Zero burn 
policies that are practised in India and Brazil have result-
ed in a range of adverse outcomes due to policies not be-
ing socially contextualised (Carmenta et al., 2011). The 
continued narrative of the degradation caused by local 
practices such as fire has been shown to be unfounded in 
many forest types. For example, Welch et al. (2013) have 
shown how indigenous burning in the Cerrado savannah 
of Brazil has assisted vegetation recovery. Ensuring that 
the management of landscapes for forest regeneration or 
to control invasive species is consistent with historical 
practices promotes both local culture and food security. 
The effects of invasive species on livelihood and food 
security are not uniform within or across communities. 
As Shackleton et al. (2006) have shown in South Africa, 
invasive species that have adverse impacts on some sec-
tions of the local population are being used to consid-
erable advantage by other sections of the community. 
While ecological studies have highlighted the impact of 
invasive species on biological diversity and provisioning 
of resources, it should be noted that humans have histori-
cally relied on such species for food and other require-
ments. Equally, as forests are being transformed by spe-
cies introductions and by changed management regimes, 
people are evolving coping strategies to maintain their 
livelihood systems. Many communities have optimised 
the use of introduced species to their benefit and en-
hanced their livelihood options through the use of such 
species whether directly for food (e.g. fruits of Opuntia 
sp. in South Africa) or through the sale of products de-
rived from these species (e.g. charcoal from Prosopis ju-
liflora in India). The outcomes of environmental changes 
on food security are complex and require context-specific 
responses and strategies.
4.3 Social Drivers 
This section discusses conflict, relative poverty and 
inequality, and demographic changes as social drivers 
that influence forests and tree-based systems for food 
security and nutrition. It highlights the role of deeply-
rooted patterns of social differentiation and inequali-
ties in influencing forests and food systems, both in 
terms of land use and management as well as income 
Ginger or Kahili lily (Hedychium gardnerianum) is a plant  
native to the Himalayas that has become an invasive species  
in the Azores where it was introduced as an ornamental  
plant in the 19th century. Photo © PJ Stephenson
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and livelihood. Conflict is considered since forests are 
often at the centre of conflicting interests, whereas the 
sheer movement of people from rural, urban and trans-
national spaces are some of the defining characteristics 
of the contemporary era with considerable effects on 
tropical forests and forest-dependent communities.
Conflicts in and about forests
About 243 million hectares of the world’s closed forests 
are located in areas affected by conflicts since 1990 (De 
Koning et al., 2008). A substantial body of scholarly and 
grey literature has been devoted to conflicts that emerge 
from competing claims and interests - commercial, subsist-
ence and cultural - over resources in forested landscapes. 
This section focuses on how conflicts, spill over into for-
ested landscapes as well as on conflicts that are endemic to 
forests themselves. The impact of such conflicts on forests 
and food security can be understood in terms of direct ac-
cess to foods sourced from forests and indirect effects on 
food security, for example, via wood for fuel which is es-
sential for cooking in many countries of the world.
During the past 20 years, armed conflicts have struck 
forest areas in more than 30 countries in the tropics. The 
prominent examples include Cambodia, Democratic Re-
public of the Congo, Liberia, Myanmar and Sierra Leone 
where rebel warfare largely played out in remote cross-bor-
der forest areas (De Koning et al., 2008). Africa is home to 
most of the forest at risk whereas Asia has the highest num-
ber of forest dwellers at risk (De Koning et al., 2008). An 
estimated three-quarters of Asian forests, two-thirds of Af-
rican forests and one-third of Latin American forests have 
been affected by violent conflict (de Jong et al., 2007). The 
mere overlap between forest and conflict areas does not 
necessarily mean that the forest or forest rights have any 
role to play in motivating or perpetuating conflicts. How-
ever, because of the risks involved due to instability and 
insecurity, it can be assumed that these areas only serve in 
a limited way as a source of food. 
Studies on the correlation between countries’ forest 
cover and the emergence and duration of civil conflict 
show contradictory results (e.g. Collier and Hoeffler, 
2001; Lujala, 2003; Rod and Rustad, 2006). Neverthe-
less, different studies identified that forests can facilitate 
or prolong conflicts, for example through flows of fi-
nances to competing parties, use of forests for patronage, 
transport of weapons by loggers, agriculture and hunting 
pressures, and social and economic buffers. For instance, 
forests and forest products have been exploited by armed 
groups, (e.g. military and rebels) to strengthen their fight-
ing capacities (see for example, Baral and Heinmen, 2006, 
for Nepal; Dudley et al., 2002; de Merode et al., 2007, for 
the Democratic Republic of the Congo). General implica-
tions of such conflict on food security of forest depend-
ent communities are difficult to predict. Armed conflict 
can weaken pre-existing institutions governing access to 
forest food but it can also offer new and extra-legal chan-
nels. Effects on food security and nutrition depend on the 
larger political economy in which the conflict is situated 
and the interaction with the formal and informal institu-
tions that govern the forests. For instance, de Merode et 
al. (2007) note that there was a fivefold increase in il-
legal trade of bushmeat for local consumption and sale 
during the civil war in the Democratic Republic of the 
Congo. In contrast Baral and Heinmen (2006) highlight 
that the Maoist movement and ensuing civil conflict in 
Nepal between 1996 and 2006 largely undermined both 
conservation efforts and the livelihoods of local people by 
hampering their ability to derive income from forests and 
limiting households’ access to food and nutrition. 
Conflicts can also be more endemic to forested land-
scapes (de Jong et al., 2007). These tend to be localised 
and non-violent, though some may escalate to violent 
armed conflicts. Through an analysis of forest-related 
conflicts in five Asian countries, De Koning et al. (2008) 
classify such conflicts as emerging from the following, 
interrelated factors: (a) contested statutory and custom-
ary tenure, (b) exclusionary conservation and economic 
development policies, and (c) poor coordination between 
land use planning agencies. For example, conflict be-
tween local communities and oil palm plantation corpo-
rations in Indonesia due to overlapping claims over land 
and weak protection for customary land rights, illustrates 
the first type of conflict (Colchester and Chao, 2013; Li, 
2014; Sheil et al., 2009). The implications of such con-
flicts over oil palm expansion (as is the case of large-scale 
land acquisition for other agricultural commodities such 
as soy) are ambiguous from a food security perspective. 
On the one hand, the rapid expansion of oil palm is driv-
en, to a large part, by demand for cooking oil among poor 
and middle class households in Indonesia domestically 
(26 percent) and internationally (73 percent) (Obidzin-
ski et al., 2012). On the other hand, such expansion is 
displacing local people and undermining their source of 
food and income through loss of direct access to land-
scapes that were previously used for food provisioning 
and thus changing incomes and livelihoods. Similar con-
flicts can be observed in other countries where industrial 
use of forestry and weak forest tenure interplay, affect-
ing in particular indigenous peoples. These issues are not 
only prevalent in the tropics, such as in South America 
where forests have been replaced with forest plantations 
Donkey cart crivers, Senegal.
Photo © Terry Sunderland
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by global forest enterprises (Kröger, 2012), but also in 
temperate regions such as in the north of Scandinavia, 
where there are reindeer herding conflicts (Raitio, 2008). 
From a gender perspective, conflicts over forest prod-
ucts are often covert and confined to the intra-house-
hold level due to different preferences for forest and tree 
products and unequal access to them (Agarwal, 2010; 
Rocheleau and Edmunds, 1997; Sarin, 2001; Schroeder, 
1999). In their seminal research in sub-Saharan Africa, 
Rocheleau and Edmunds (1997) find that although 
property rights are gender exclusive and women lack 
formal titles to individual or communal land, women 
still enjoy de facto rights to fuelwood, certain plants and 
animals. However, in areas that have undergone com-
mercialisation of forest products, a remapping of the 
boundaries often occurs. Men as strategic actors bypass 
women’s micro-rights and maintain their privilege in the 
landscape. Similarly, Elias and Carney’s (2007) study 
of the shea tree (Vitellaria paradoxa) in Burkina Faso 
shows that rural women have historically collected, mar-
keted and transformed shea nuts into multi-purpose but-
ter for consumption and sale. The growing global trade 
in shea butter supplied to food and cosmetic industries 
represents an opportunity to further poor women’s in-
comes, although such international sales have also led 
to a re-configuration of rights and claims over shea tree 
with many women losing access as a consequence. Both 
these studies suggest that women contest their loss of 
access at the household level but this does not amount to 
substantive changes in tenure regimes. 
Relative poverty and inequality
This sub-section mainly focuses on social and gender bal-
ance questions concerning relative poverty and inequality. 
The relationship between poverty and food security from 
the perspective of per capita income will be described in 
Section 4.4 on economic drivers. 
A wide range of studies note that rural poverty and 
remaining natural forests tend to share overlapping spac-
es. A significant proportion of people suffering from ex-
treme poverty live in forest-based ecosystems (Mehta and 
Shah, 2003 for India; Sunderlin and Huynh, 2005 for Viet 
Nam; World Bank, 2003; Zhou and Veeck, 1999 for Chi-
na). Sunderlin et al. (2005) posit that these are likely to 
be a product of some of the following interrelated factors: 
(a) most forests and extremely poor people are located in 
remote areas and out of the reach of the market economy 
and technological processes; (b) forests are often a refuge 
for poor and powerless peoples; (c) forests have “pro-poor 
characteristics” because they are open access or have low 
barriers to access. Nevertheless, communities who either 
live in forested landscapes and/or who rely on forests 
are neither homogeneous nor uniformly-dependent on 
forests. Existing distribution of power and the structure 
of incentives mediate who can access, use and control 
forest products for consumption, income and livelihoods 
(see also Section 4.5 in this chapter). 
Research on the equity dimensions of community 
forestry in Nepal demonstrates that poor and rich house-
holds do not have symmetric opportunities to benefit 
from forest resources. Adhikari et al. (2004) present an 
econometric analysis of the impact of the private endow-
ments of forest user group member households on for-
est access for consumption purposes. Using data from 
the Middle Hills they find that poorer households face 
more restrictions in accessing forest products than less 
poor or relatively better off households (see also Chapter 
3). In the Terai region of Nepal where societal inequali-
ties are even more pronounced and forest products are 
of higher value, Iversen et al. (2006) found that house-
holds that belong to the richer echelons of user groups 
have a vested interest in maintaining the widely observed 
practice of charging a subsidised member price for high-
value products such as timber. By being required to pay 
in advance, poorer households are excluded from access-
ing high-valued products. Richer households on the other 
hand, derive considerable income by ensuring that there 
is a high margin between member price and market price 
when re-selling high-valued products in the local market, 
and thereby, siphoning off disproportionate benefits from 
communal resources. Similar findings of “elite capture” 
and the spill over of pre-existing societal divisions in the 
allocation of forest products for consumption, income 
and livelihoods have also been observed by other analysts 
in the context of sub-Saharan Africa, such as by Couliba-
ly-Lingani et al. (2009) for Burkina Faso, and Jumbe and 
Angelsen (2006) in Malawi. 
Most analysts agree that increasing women’s active 
participation in the institutions established to govern 
access and command over forests would support both 
women’s empowerment and household food provisioning 
(UN Women, 2014). This is particularly relevant since 
both unpaid care work (cooking, taking care of children 
and the elderly etc.) and collection of food, firewood and 
Livestock feeding, Labe, Guinea.
Photo © Terry Sunderland
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fodder from forests are acknowledged as highly femin-
ised tasks across the world (UN Women, 2014). Research 
findings show that women’s participation in forest gov-
ernance is lagging behind in many different contexts from 
South and East Asia to Latin America and sub-Saharan 
Africa (Agarwal, 1997; Agarwal, 2001; Mai et al., 2011; 
Mairena et al., 2012; Mukasa et al., 2012; Nightin-
gale, 2002; and Sarin, 2001). Agarwal (2001) attributes 
women’s limited voice and influence in forest govern-
ance regimes to gender inequalities in men and women’s 
personal and household endowments. These inequalities 
manifest themselves in terms of women’s low bargain-
ing power vis-à-vis men in negotiating for their interests 
in forests at the household and community levels. Cole-
man and Mwangi’s (2013) cross-country study in Bolivia, 
Mexico, Kenya and Nicaragua has identified two main 
determinants affecting women’s participation in forest 
governance: education of household heads and institu-
tional exclusion, which in turn supports Agarwal’s analy-
sis from South Asia (for more information about govern-
ance and gender inequalities see Chapter 3 and Section 
4.5 in this chapter). 
Demographic change: migration,  
urbanisation and agrarian transformation
In 2013, the world population totalled 7.2 billion and 
it is projected to reach 9.6 billion by 2050, with most 
growth in developing regions, especially Africa (UN, 
2013). Consequently the demand for food, feed and fibre 
will increase and the land area per capita to feed all the 
people will decline. Some analysts such as Vanhanen et 
al. (2010) conclude that without improved agricultural 
productivity, rising food demands will result in increas-
ing deforestation and forest degradation to make way 
for agriculture. But others point out that trade-offs be-
tween agricultural intensification and food production 
are also equally possible. Through a review of histori-
cal and cross-country studies, Angelsen and Kaimowitz 
(2001) concluded that the impact of intensification, is 
dependent on technology type (labour-intensive or cap-
ital-intensive); farmer characteristics (income and asset 
level, resource constraints); and context (policy incen-
tives, market conditions etc.) (Angelsen and Kaimowitz, 
2001). While of high relevance, population growth is not 
the only demographic driver pressuring on the forest-
food system; interrelated drivers include changes in 
consumption patterns (see Section 4.4 in this chapter), 
migration, urbanisation and agrarian transformation. 
Although migration of people is by no means a new 
phenomenon, the sheer number of people moving be-
tween rural and urban areas and transnationally is un-
precedented. The UN’s Economic and Social Council 
(ECOSOC) (2013) estimated that in 2010 alone, the 
number of international migrants was approximately 
214 million, while internal migrants totalled 700 mil-
lion. These were merely documented figures and are 
likely to be far surpassed. While international migration 
has become one of the defining features of globalisa-
tion, the world’s population is also increasingly becom-
ing urban. To date 54 percent of the world’s population 
resides in urban areas with an expected increase of 11 
percent by 2050 (UN, 2014). North America, Latin 
America and the Caribbean, and Europe are considered 
the world’s most urbanised regions. Although Africa 
and Asia remain mostly rural, urbanisation is expected 
to be faster in these regions than in the others (UN, 
2014). Small cities and towns in Asia, Africa and Latin 
America that lie in or near tropical forest areas are like-
ly to experience the greatest magnitude of urbanisation 
(UN, 2011). 
From a food security perspective, these trends have 
important implications for availability of, access to and 
relative dependence on forest products for food and in-
come. However, research on the nexus between migra-
tion, urbanisation and forests remains very limited, let 
alone from a food security perspective. Forest governance 
involves territorialisation and the bounding of people to 
specific geographies. Hecht (forthcoming) calls for go-
ing beyond the conventional wisdom that sees migration 
as either disruptive to forest systems or as a livelihood 
failure. Instead, rural communities are increasingly multi-
sited and dispersed, continuing rural production even as 
they depend also on other sources of off-farm income. 
Major mechanisms through which migration and ur-
banisation affect rural communities and forests include: 
land abandonment, remittances, changes in rural labour 
availability, variations in the gender composition of 
households, and shifting demands of urban consumers 
on agricultural land and rural resources (Brondizio et al., 
2014; Padoch et al., 2008; Parry et al., 2010). Much of 
this research is focused on forest cover and income and 
has not yet been concerned with implications for food 
security and nutrition more directly, although poten-
tial implications can be inferred. For instance, research 
in the state of Amazonas in Brazil is showing that the 
persistent marginalisation of remote, forest-based com-
munities (due to a combination of long distances from 
markets, persistent under-investment in infrastructure and 
educational facilities) is compelling these communities to 
migrate to peri-urban areas. While such an exodus might 
present opportunities from a conservation perspective, it 
is likely to be changing their use of forests for food and 
fuel, and rendering them more dependent on market va-
garies for food provisioning (Parry et al., 2010). Findings 
from scholarly literature suggest that migration and as-
sociated remittances are reducing relative dependence on 
forests for consumption, income and livelihoods. This is 
in turn, leading to a decline in land change from forest to 
agricultural land (Eloy et al., 2014 for Brazilian Amazon; 
Hecht and Saatchi, 2007 for El Salvador; and Schmook 
and Radel, 2008 for Southern Yucatan, Mexico) as remit-
tances are being used to buy food rather than to produce 
and source food from forests. 
Urbanisation can have contradictory implications on 
forests and tree-based systems for food security and nutri-
tion. On the one hand, urbanisation can lead to a reduction 
in forest food consumption patterns, with more emphasis 
on processed products and food safety (see Section 4.5). 
On the other hand, research also shows that urban popula-
tions can maintain their rural consumption patterns with 
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considerable effects on land use and management. In sub-
Saharan Africa, for instance, the rate of urbanisation is 
level with rising demand for fuelwood consumption. In 
other words, urbanisation has not accompanied a decline 
in fuelwood consumption patterns as previously expected 
(e.g. Zulu, 2010 for Malawi). These findings are also sup-
ported by research in Amazonia showing that rural-urban 
migrants keep their forest product consumption patterns 
in cities and continue to play a role in rural land use deci-
sions (Padoch et al., 2008 for the Amazon; Tritsch et al., 
2014 for French Guiana). Arnold et al. (2006) undertook 
a global analysis of woodfuel demand and supply which 
showed that there is no need for large-scale forestry inter-
ventions devoted to the provision of fuelwood for urban 
consumers as was hypothesised in the 1970s due to steady 
supplies from rural areas. But the growing urban demand 
for charcoal is likely to impact on tropical forests and 
poor, rural users in Africa in particular as they compete 
with urban consumers.
Migration and urbanisation have led to profound 
changes in socio-economic systems and have contributed 
to the feminisation of rural landscapes in many contexts 
(Deere, 2005; DeSchutter, 2013). Agarwal (2012) is care-
ful not to insinuate that migration is causing feminisation, 
rather that the agrarian transition or the shift of workers 
to industry and services, and from rural to urban areas in 
developing countries, has been gendered. The proportion 
of women workers in agriculture increased across devel-
oping countries, in particular in South America and Oce-
ania. According to Agarwal (2012), women farmers lack 
access and command over credit, land, production inputs, 
technology and markets. Hence, she argues that effects 
of volatile food prices and projected effects of climate 
change will very likely have a disproportionate impact 
on women as farmers and providers of household food. 
Scholarly literature focusing on the nexus of gender, mi-
gration and forest governance yields contradictory results 
in terms of whether male out-migration can empower 
women to play a bigger role in forest decision-making 
and enjoy greater access to forest products for themselves 
and their families. In Nepal, for example, transnational 
migration and remittances are emerging as major sources 
of employment. Migrants in Nepal are exclusively men 
due to a combination of intra-household constraints and 
governmental restrictions on women migrating. Giri and 
Darnhofer (2010) understand male out-migration as an 
opportunity for increasing women’s access to forest re-
sources and power over forest governance. An ethno-
graphic study by Basnett (2013) indicates that this op-
portunity very much depends on interlocking gender and 
social differentiation.
While many countries are experiencing a “disappear-
ing of peasantries” with declining contribution of agri-
culture to national economies and labour allocation to 
agriculture, others are witnessing a “repeasantrisation” 
as is evident in tropical forested landscapes (Rigg and 
Vandergeest, 2012). The latter trends are particularly 
evident in Southeast Asia and the Amazon in the face 
of commodity booms and large-scale, agro-industrial 
plantations of oil palm, rubber, pulp etc. (Kaimowitz and 
Smith, 2001; Wunder, 2001) and the resultant absorption 
of labour back to rural areas. For instance, Li (forthcom-
ing) points out that rapid expansion of oil palm planta-
tions in West Kalimantan (Indonesia) has accompanied 
significant deforestation, the dispossession of indig-
enous peoples’ access to rubber and rice smallholdings 
and a casualisation of employment of plantation workers. 
Migrant labourers are compelled to bear all risks associ-
ated with migrating and being apart from their families; 
they have limited control over their work environment 
and scant means to negotiate for change. Indigenous 
Dayaks in comparison, lose access to forests and trees 
on which they had relied for direct food provisioning, 
income and livelihood. Food security amidst declining 
mosaic landscapes is therefore a challenge for both mi-
grants and indigenous people alike.
4.4 Economic Drivers 
This section provides an overview of the main economic 
drivers affecting the relationships between on the one 
hand, forests and tree-based systems, and on the other, 
food security and nutrition, documenting and illustrat-
ing the main points using materials featuring a range 
of products (e.g. bushmeat, fruit, nuts etc.) at different 
scales (global, regional, national, local). It does not in-
clude related general topics, such as the identification of 
economic drivers that contribute to increased urbanisa-
tion which affects general food consumption patterns. We 
distinguish two types of driver impacts: (i) economy-wide 
derived impacts, such as the impact of a new national 
food safety policy on bushmeat trade and consumption; 
and (ii) site specific indirect impacts from economic ac-
tivities that only influence food security through other 
mechanisms, such as the construction of roads into forest 
areas supplying forest foods. 
As is the case for food security more broadly, there are 
no generally accepted indicators to measure the diverse 
and contextually variable forest and food security rela-
tionships (Carletto et al., 2013; Coates, 2013). Economic 
drivers may hence impact differently across locations, ac-
tors and time. This is illustrated and exemplified in the 
forest-food security reliance continuum in Figure 4.2 
Forest foods contribute to food security in two main ways: 
(i) directly through the provision of nutrients, and (ii) in-
directly through generation of income, typically through 
cash sales (see also Chapter 2).
While it has long been recognised that forest foods can 
be important for food security (e.g. Bharucha and Pretty, 
2010; FAO, 1989; Pimentel et al., 1997) there is scant 
quantitative information on the economic importance of 
forest foods in most locations and at all scales, includ-
ing household and nationally. Angelsen et al. (2014), in 
a study of around 8,000 households in 24 developing 
countries found that, in terms of household incomes, food 
products constituted the second most important group of 
forest products and the most important from non-forest 
environments. Forests have also been found to provide 
famine foods in response to multiple adverse events 
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(covariate shocks) and income in response to isolated 
adverse events (idiosyncratic shocks) (Dewees, 2013; 
Ngaga et al. 2006; Wunder et al., 2014). Forest foods are 
mostly traded locally or sub-nationally in non-transparent 
markets marred by problems including inefficiencies 
leading to high losses, seasonal supplies, lack of credit 
facilities and rudimentary knowledge of consumer prefer-
ences (e.g. Grote, 2014; Jamnadass et al., 2011; Vinceti 
et al., 2013). 
There appears to be a continuum of forest food product 
commercialisation (see also Chapter 2): from products that 
are occasionally bartered in villages, to small-scale trade 
in regional markets along informal chains, to national and 
international trade along formal chains. The private sector 
appears to play a prominent role everywhere. Furthermore, 
products move along the continuum in response to changes 
in demand and supply; for example, cashew and shea nuts 
have moved from wild collection to domestication and cul-
tivation in West Africa as has grasscutter farming. Homma 
(1992) provides an overview of domestication processes. 
Products and actors at different points on the continuum are 
impacted differently by economic drivers. For example, the 
impact of sustainable harvest certification initiatives will 
have a larger impact on internationally-traded spices than 
on locally-bartered fruits. In addition, there will be varia-
tions in data availability; for instance, there is usually no 
national data available on products that are harvested and 
traded in informal markets, such as forest foods in West Af-
rica (Bertrand et al., 2013) and spices from the Himalayas 
(Olsen and Helles, 2009). The nature of appropriate public 
policy responses will also vary along the continuum. In the 
following sub-sections, we review state-of-knowledge on 
four key economic drivers.
Income per capita
Global per capita gross domestic product (GDP) is stead-
ily increasing, except for a short downturn in 2008-09 due 
to the global financial crisis, and has been termed a global 
mega-trend driving per capita demand for food (Cass-
man, 2012). As income increases, households’ demand 
for food increases less than proportionally (Engel’s Law, 
see Cirera and Masset, 2010) and there is generally a di-
etary shift with decreasing importance of starchy staples 
(e.g. rice, wheat) and increased consumption of meat, 
fish, fruits and vegetables (Cassman, 2012; MEA, 2005). 
It has been noted, however, that higher incomes may not 
lead to improved food security if the additional income 
is spent on other items such as clothes, cell phones or to-
bacco (Dewees, 2013). In their above-mentioned survey, 
Angelsen et al. (2014) found forest food income to range 
from USD 49 (in purchasing power parity) in Africa (five 
percent of total household income) to 717 (15 percent) in 
Latin America, with a global average of 128 (six percent). 
There are few examples of how price changes impact for-
est food resources and their management; in an excellent 
study of timur (Zanthoxylum armatum, a small tree yield-
ing fruits used for spices and condiments), Hertog and 
Wiersum (2000) show how increasing market prices drive 
intensification of forest management including a shift of 
production from public to private lands.
There are four main issues to note in relation to ris-
ing incomes and forest foods. First, many forest foods are 
likely, in economic terms, to be inferior goods (demand 
decreases with rising incomes and increases with declin-
ing incomes) and rising incomes would thus mean less 
forest food production extraction and reliance. Delang 
(2006) notes, however, that forest food gathering is im-
portant in many rural communities with low economic 
growth, and likely to remain so. It is also noteworthy 
that forest food consumption is increasing in some high 
income countries, e.g. in northern Europe apparently 
in response to perceptions that food should be locally 
grown, organic and aesthetic, indicating that we need to 
understand the dynamics of forest food consumption bet-
ter. Second, rising per capita income is one of the fac-
tors driving the expansion of supermarkets in much of 
the global south (e.g. Humphrey, 2007; Reardon and 
Hopkins, 2007). This is likely to have long term impacts 
on traditional markets and outlets for forest foods, such 
as fresh fruit, including through a shift away from spot 
purchasing and introduction of grades and standards; all 
changes indicating an ongoing fundamental restructuring 
of many forest food markets. It may also potentially lead 
to impacts on nutrition. Third, there is large variation geo-
graphically and along the commercialisation continuum. 
For instance, per capita GDP in Africa grew from USD 
The forest food security reliance continuum, with examples  
(based on Smith-Hall et al., 2012)
Figure
4.2
Small-scale subsistence farmers Consumers in urban areas
No reliance Full reliance
Small-scale farmers  
engaged in cash cropping
Isolated hunter-gatherer 
communities
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1,400 in 1991 to USD 1,700 in 2008 (Groningen Growth 
and Development Centre: Total Economy Database) and 
the level of per capita income appears to be too low for 
households to make the transition to consumption of in-
dustrially-processed products, meaning that forest food 
products still play a key role in calorie intake and dietary 
composition in poorer households (Okojie and Shimeles, 
2006). Fourthly, with rising incomes and urbanisation, 
people tend to eat more meat and milk products, for ex-
ample, increasing the demand for crops as feed (Grote, 
2014). This may also impact forest foods, notably demand 
for bushmeat. Urbanisation may also increase demand for 
semi-processed foods as the opportunity costs increase as 
women find employment which could increase process-
ing of forest foods, and is also likely to lead to more fo-
cus on food safety and labelling, which could challenge 
small-scale producers of forest foods.
Absolute and relative food prices
Absolute food price levels directly affect household-level 
food consumption choices. Recent spikes in key agri-
cultural food commodity prices in 2008-09 and 2010-11 
affected the livelihoods and food security of millions of 
people (Akter and Basher, 2014; Brown et al., 2009; FAO, 
2008) and led to riots (Berazneva and Lee, 2013). Studies 
indicate that country and regional agricultural food prices 
behave differently from international food prices (Brown 
et al., 2012; Minot, 2014) due to low integration of local 
and regional markets into international markets. Data on 
forest food prices appear very limited; it is difficult to 
collect, due to the high number of products and the fre-
quency of informal trading, and thus not systematically 
monitored. Such data deficiencies impede our ability to 
analyse and understand forest food price dynamics.
There is also a price volatility difference within re-
gions or countries. For instance, Minot (2014) observed 
higher agricultural food price volatility in main cities than 
in secondary cities, indicating different effects of price 
changes on different segments of society. Assuming that 
forest foods are mainly traded outside main cities, this 
would indicate less price volatility for such products. 
Agricultural food price increases impact most severely 
on the poorest households and particularly so if they are 
female-headed (Akter and Basher, 2014; Benfica, 2014; 
Drimie and McLachlan, 2013); the reason may be that 
such households do not have the asset base required to 
smooth income or consumption shortfall. A recent study 
specifically found that asset-poor households are most 
likely to use forests as part of their coping strategies 
(Wunder et al., 2014). It has also been observed that fluc-
tuating agricultural food prices can decrease local food 
production and reduce employment opportunities (Tiwari 
and Joshi, 2012) and that price spike patterns and asso-
ciated inadequate public policy responses may follow a 
repeating pattern in some countries (Ellis and Manda, 
2012). Balancing national food availability with afford-
able food prices can be challenging (Haug and Hella, 
2013). In terms of household-level food security, how-
ever, it has been noted that households can respond to 
rising agricultural food prices in different ways, such as 
downgrading food quality to maintain quantity, that serve 
to limits the nutritionally harmful effects of higher prices 
(Gibson, 2013). 
There are close linkages between food, energy and fi-
nancial markets that may explain much of the recently ob-
served agricultural food price spikes and volatility (Grote, 
2014; Tadesse et al., 2014). In particular, rising fossil fuel 
prices and biofuel policies may be a key driver of high 
grain and oilseed prices as biofuel production becomes fi-
nancially more attractive (Gorter et al., 2013; Grote, 2014; 
Tokgoz et al., 2012), a situation that may be exacerbated by 
increased speculation on agricultural commodity markets 
(Grote, 2014). These processes, in combination with inse-
cure property rights (Godfray et al., 2010), could contrib-
ute to land grabbing – the process of appropriating land and 
resources to produce commodities and accumulate wealth 
(Nevins and Peluso, 2008) – in the global south, with dif-
ferential geographical impacts on forest food products. For 
instance, economic growth in China and the associated de-
mand for wood fibre has arguably led to state-sanctioned 
corporate land grabbing in Lao PDR that has negatively 
affected local people’s access to forest food products (Bar-
ney, 2008) while the same economic growth has simultane-
ously improved the possibilities for high altitude Himala-
yan communities to sell wild harvested products on new 
markets (Shrestha and Bawa, 2014).
Markets and policies
The linkages between forests and food security reflect a 
wide range of policy interests related to health, develop-
ment, human rights, biodiversity conservation, forests, 
food, trade and agriculture. Forest foods present a highly 
complex challenge to public policy institutions at differ-
ent scales due to the wide range of potential user groups, 
the diverse motivations that drive collection and the lack 
of reliable data and information on trade flows, nutritional 
values and consumer preferences (Johns and Eyzaguirre, 
2006; Toledo and Burlingame, 2006; Vinceti et al., 2013). 
There is also a high degree of variability in the levels of 
Training tree nursery workers in Zaraninge Forest Reserve, 
Tanzania. Photo © PJ Stephenson
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product collection, processing and marketing in differ-
ent forest food product value chains making monitoring 
and regulation difficult. According to the FAO (1997), 
the non-timber forest product (NTFP) sector is generally 
dominated by the rural poor and labour-intensive small-
scale industries, making it important for policy mecha-
nisms to carefully differentiate between subsistence 
and commercial forest food activities. Here, equitably 
managing resource access becomes a key challenge for 
policy due to the generally low barriers to market entry 
and broad participation by both women and men in forest 
food collection (Arnold, 2008). While the subsistence-
based forest food sector tends to have less impact on for-
est resources than the commercial sector (Neumann and 
Hirsch, 2000), it is often difficult for policy frameworks 
to effectively separate these activities due to the dynamic 
nature of forest food markets, which are often highly sea-
sonal, and where products classified as “traditional”can 
quickly become commercial and where “commercial” 
products can be replaced by substitutes (FAO, 1997). 
When considering the ongoing structural transforma-
tions that have been occurring in the agricultural sector 
(in a wide sense), other important policy issues affecting 
commercial forest food production and trade include the 
urban demand for safe, responsibly-produced and high 
quality foods that is driving processes of certification and 
labelling (Grote, 2014) and the need to simplify regula-
tory regimes to reduce transaction costs for producers and 
develop a framework supporting producer organisations 
(Dewees, 2013). 
International bodies of particular importance to for-
est food markets include the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora 
(CITES) which limits and regulates the trans-border trade 
of many wild food species also in relation to forest foods 
such as bushmeat (e.g. Bennett, 2011); the Millennium 
Development Goals (MDGs) which seek to reduce hunger 
and poverty while maintaining ecosystem services, inter 
alia leading to more focus on the green economy including 
the importance of forest food products to livelihoods (e.g. 
Rasul et al., 2012); the Convention on Biological Diver-
sity (CBD) which assures the protection of genetic, species 
and ecosystem diversity and the World Trade Organization 
(WTO) which regulates the trade policies of nations and 
products, requiring clear and agreed standards and defini-
tions to enable commercialisation (Precillia Ijang et al., 
2011). The impacts of these global institutions are con-
tested in scholarly literature as they might lead to perverse 
effects. For example, critics of the WTO argue that the lib-
eralisation of commodity trade and reduction of farm pro-
tection resulted in food dependency of substantial areas in 
the global South (Lawrence and McMichael, 2012). 
Recognising that forest ecosystems are likely to play 
their most important role in household food security 
through diversifying diets and providing essential sources 
of nutrients, a number of observers have called for greater 
policy integration focused around meeting the nutritional 
and health needs of local resource users (Arnold, 2008; 
Bharucha and Pretty, 2010; Johns and Eyzaguirre, 2006). 
Improving the sustainable utilisation of diverse forest 
foods to support food security and nutrition likely will in-
volve engaging local users in research and decision-mak-
ing processes, facilitating information flows, enabling ac-
cess to credit and markets, developing community-based 
education programmes, supporting the development of 
user/producer organisations and improving efficiency 
by reducing transaction costs or encouraging technology 
adoption and innovation (King, 2008; Shumsky et al., 
2014; Tontisirin et al., 2002). 
Production system changes
Production systems refer to the general production struc-
ture in a country that influences land use patterns. The 
type, size, location, and dynamics of production systems 
are inter alia determined by economic incentives, for 
example, in response to new or collapsing markets in-
fluenced by processes of globalisation, certification or 
changes in market efficiency. Two examples in relation 
to forest food products are: (i) formerly subsistence bush-
meat products being commercialised and entering infor-
mal value chains as new demands and urban bushmeat 
markets were created by processes of urbanisation in Be-
nin (Bertrand et al., 2013), and (ii) the currency devalu-
ation in Brazil in 1999, combined with an international 
price increase of soybeans and beef, and control of hoof 
and mouth disease, leading to large scale soybean and 
cattle production in central-west Brazil (Chomitz, 2007), 
replacing forest food producing savannah woodland (de 
Souza and Felfili, 2006). Predicting rates of change for 
individual production systems is difficult, as is quantify-
ing the impact of changes on forest food production. 
4.5 Governance 
Governance includes traditional state-centric decision-
making as well as broader-based processes at a range of 
different scales. These broader systems of “governance” 
are not just driven by states and their domestic ambitions, 
but also by global markets and by a range of non-state ac-
tors that include civil society, businesses and internation-
al non-governmental and governmental organisations. 
This section explores the role of governance as a driver 
of forest-related goals and policies, and the implications 
for food security and nutrition of different stakeholders.
In recent years, three main drivers can be identified in 
the shift from state to more broad-based decision-making 
regimes in the forest sector: globalisation, ecosystem 
service thinking and economic valuation. Firstly, regard-
ing globalisation, forest governance has historically been 
driven by social, economic and environmental impera-
tives of states (Sikor et al., 2013; Vandergeest and Peluso, 
1995), but the interests and influence of global and non-
state actors have progressively widened and deepened 
due to both expanding and new frontiers of financial in-
vestments (Muradian et al., 2013; Murray Li, 2007; Sul-
livan, 2013). These local to global stakeholders are con-
nected across scales by value chains and their incipient 
public and private producer and trade standards regimes 
(McDermott et al., 2012), by civil society mobilisations 
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for forest and food justice (Martinez-Alier, 2014; Schlos-
berg, 2013; Sikor and Newell, 2014), and by emerging 
global socio-ecological narratives such as that on plan-
etary boundaries (Rockström et al., 2009). 
Secondly, regarding ecosystem services thinking, this 
framework has gained enormous buy-in as a means of (re)
conceiving the relationship between humans and ecosys-
tems, including the view of humans as separate to nature, 
and nature as a provider of services to humans. The eco-
system services framing has influenced thinking about 
the relationship between forests and food security (Poppy 
et al., 2014a; Poppy et al., 2014b) and has been success-
fully promoted by important science-policy platforms, 
including the recently formed Intergovernmental Plat-
form on Biodiversity and Ecosystem Services (IPBES), 
and major conservation non-governmental organisations 
(NGOs) (Turnhout et al., 2013).
Thirdly, regarding valuation, there has been a revalori-
sation of rural landscapes, in terms of financial, political 
and cultural values attached to particular goals and prac-
tices (Sikor et al., 2013). For example, in the wake of food 
price inflation in the late 2000s, crop yield narratives re-
ceived a boost and there was a re-emphasis on highlight-
ing lands that were considered underutilised or producing 
only a fraction of their yield potential (e.g. in statistical 
databases, maps, World Bank reports). It has been argued 
that this shift in how lands were valued globally has con-
tributed to governments supporting policies that facili-
tated the global land rush (Li, 2014). Similarly, use of the 
ecosystem services framework has generated financial 
valuation of forest hydrological and carbon storage ser-
vices. Such new forms of valuation provide legitimacy to 
particular forms of governance such as state regulation to 
protect downstream and global citizens, or public-private 
partnerships to market forest carbon offsets. However, the 
incorporation of new, global values as drivers of forest 
governance also pose risks, with some stakeholders under 
threat of losing control over previous ways of valuing and 
governing forests (Hunsberger et al., 2014; Martin et al., 
2013b; Pascual et al., 2014). 
State-focused governance
Although the rising influence of global discourses, insti-
tutions and markets has created significant shifts in gov-
ernance regimes over tropical forest-agrarian landscapes, 
there are numerous instances in which the influence of 
national states and sub-national actors has been retained 
and even reinforced. Some states still exercise considera-
ble control over the way land is allocated to different uses 
(Sunderlin et al., 2008; White and Martin, 2002), and the 
way in which property rights and tenure are regulated, 
including public versus private and commercial use, the 
establishment of protected areas and the exploitation of 
land for agriculture (Sikor et al., 2013). 
There is considerable variation amongst countries 
which continue to adopt a state-centric approach to 
governance. The dominant discourse and scope of state 
interests differs dramatically. Instruments may range 
from top-down implementation of policies to deline-
ate the landscape into categories with associated rules, 
to participatory land use planning exercises or even the 
designation of indigenous lands for decentralised govern-
ance. Hence the impacts of such approaches on the food 
security of forest-adjacent populations are varied. 
State-focused approaches to governance of forests and 
surrounding landscapes endure particularly in certain 
circumstances: where states seek to maintain political 
control over economic activity and development; in cir-
cumstances in which tenure and land use are considered 
by central governments to be related to issues of internal 
security; where the state seeks to reconcile the interests 
of different ethnic and minority groups; and where land 
management is part of the process of defining citizenship 
itself (Beswick, 2011; Lestrelin et al., 2012; Li, 2010). 
Under these conditions, rapid modernisation of agricul-
ture is commonly promoted and traditional practices such 
as shifting cultivation and inter-cropping are disincen-
tivised or even discriminated against (Fox et al., 2009; 
Padoch and Pinedo-Vasquez, 2010). For example, in Lao 
PDR participatory land use planning has been employed 
by the national government with the explicit purpose of 
ending shifting agricultural practices and stabilising cul-
tivation among ethnic minorities in mountainous outlying 
regions (Lestrelin et al., 2012). Some, or even many, peo-
ple may benefit from formalisation of tenure and mod-
ernisation of farming methods. 
However, rapid, state-driven agrarian change can also 
have detrimental impacts on food security and nutrition 
among poor or minority local actors, including indig-
enous communities whose livelihoods and culture have 
been particularly tied to forest habitats, and who are least 
able and willing to adapt (Baird and Shoemaker, 2005; 
Dounias and Froment, 2011). Even where policies ap-
pear to decentralise forest governance and grant addi-
tional local powers, women or minority groups may be 
further excluded from decision-making processes or suf-
fer from restricted access to food from forests (Sikor and 
Ngoc Thanh, 2007). Similarly, formalisation of property 
rights does not always equate to maintained or improved 
access to resources because negotiation processes – both 
formal and informal - involve many actors, and the ef-
fects on access within local food systems are uncertain 
(Andersson, 2004). Where ultimate control of tenure is 
exercised by the state, smallholder tenure over farmland 
and forests (and associated subsistence needs) may also 
be undermined by decisions made by powerful non-local 
actors, such as private corporations granted government 
concessions for industry, infrastructure or energy projects 
(Agrawal et al., 2008). This can occur through not only 
large scale land grabs but also “control grabs” which may 
involve the imposition of state-influenced contract farm-
ing arrangements to the exclusion of poor local actors and 
a reduced ability to grow or to buy food (Huggins, 2014). 
State-focused governance regimes often create zones for 
different land uses which tend to partition the landscape (de 
Groot et al., 2010). This division of land is often mirrored 
in states’ institutional structures, with separation of respon-
sibilities across different government departments. The 
separation of forestry from agricultural decision-making is 
generally detrimental to integrated landscape management. 
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However, national scale approaches are not without their 
merits and may protect local populations from adverse ef-
fects of global market forces. Without state intervention, 
global markets and agendas can drive increased inequal-
ity and dispossession, through which local perspectives 
can easily be given lower priority than global goals such as 
carbon sequestration or biodiversity conservation (Arts and 
Buizer, 2009). Bolivia’s approach represents a good exam-
ple where the movement for indigenous rights has support-
ed the granting of substantial autonomy over indigenous 
land rights as an “ethno-environmental fix” (Anthias and 
Radcliffe, 2013; Cronkleton et al., 2011). However, in many 
developing countries there is poor capacity to effectively 
decentralise environmental management (Tacconi, 2007). 
State-focused governance can include renegotiation or 
even rejection of internationally-designed conservation 
instruments, to better fit the national context. While in-
ternational discourses and influences are far from absent 
in these situations, they are instead transformed or negoti-
ated to serve state interests. By such means, payments for 
ecosystem services (PES) and Reducing Emissions from 
Deforestation and Forest Degradation (REDD/REDD+) 
schemes have been “demarketised” into tax and subsidy 
arrangements. These may promote increased participa-
tion including of stakeholders with limited productive 
assets, for whom potential impacts on land and forest ten-
ure, and associated food access may be averted (Bennett, 
2008 and Sikor, 2013 for China; Cronkleton et al., 2011 
and Uberhuaga et al., 2011 for Bolivia; Milne and Adams, 
2012; Phelps et al., 2010). The development of REDD+ 
is also connected with fears about “recentralisation” (e.g. 
Phelps et al., 2010) affecting the use and dependence of 
local people on forests. Greater state and non-local con-
trol, for instance through the designation of protected ar-
eas directly impacts livelihoods and decreases access to 
food from the forest (West et al., 2006).
Governance beyond the state: markets and 
non-state actors
Multi-sectoral and multi-scale forms of governance do 
not replace state-focused governance of forests and tree-
based systems for food security and nutrition, but become 
integrated in different ways, as noted above with refer-
ence to PES and REDD+. Systems for certifying ethical 
and sustainable forest management took off in the early 
1990s after it became clear that a global forest governance 
convention was not going to emerge from the UN process 
(Strassburg et al., 2012). Certification is a market-based in-
tervention typically involving standards that are established 
and monitored through networks of producers, NGOs and 
private sector partners. Some certification schemes like 
the Forest Stewardship Council (FSC) particularly stress 
their independence from governments whilst others prefer 
to have state government involvement. Even in the former 
case, governments remain influential through their control 
of the legal and policy levers that provide the operational 
context for forestry and food production (Hysing, 2009). 
In Tanzania, for example, the state maintains some control 
over price setting for commodities across the forest-farm 
landscape, including for tree food crops such as cashews.
Payments for ecosystem services were also originally 
promoted as non-state forms of governance, using mar-
ket-based approaches to reducing deforestation and for-
est degradation (Ferraro and Kiss, 2002; Wunder, 2005). 
In practice, however, states have either been significant 
gatekeepers, determining what kind of PES is legitimate, 
or have actually instigated PES schemes as federal pro-
grammes for transferring resources to rural forest man-
agement (McAfee and Shapiro, 2010; Milne and Adams, 
2012; Shapiro-Garza, 2013). Payments for ecosystem ser-
vices exemplify the growing presence of hybrid govern-
ance approaches, operating across scales and with public, 
private and civil society involvement. Other key forestry 
sector examples include REDD+ and the EU’s Forest Law 
Enforcement, Governance and Trade (FLEGT) initiative 
(Glück et al., 2010).
The past ten years have seen considerable optimism 
for the potential opportunities presented by these new 
governance configurations. In some cases, new market 
and network-based governance approaches are explicitly 
targeted at generating synergies between forest conserva-
tion and food security. For example, Brazil’s Sustainable 
Agricultural Network is reported to be a rigorous system 
for ensuring that the Brazilian cattle supply chain is man-
aged to reduce deforestation (Newton et al., 2014). This 
has a very high potential to achieve synergies between 
food security and reduced deforestation (Strassburg et al., 
2014). More generally, forest certification, PES, REDD+ 
and FLEGT are not promoted as directly addressing rela-
tionships between forests and food security. However, it 
is probably fair to argue that managing this relationship 
has often been part of their rationale. First and foremost, 
these forms of governance respond to past concerns that 
state-based forest management has not often succeeded in 
linking forest conservation with local livelihood and food 
security (Adams et al., 2004; Ferraro, 2001; Salafsky and 
Wollenberg, 2000; Wunder, 2001). Secondly, PES schemes 
in particular respond to ecosystem services research that 
provides evidence of forest-food security linkage, such as 
the role that landscape biodiversity plays in achieving more 
productive and stable agricultural systems (Cardinale et al., 
2012). Thirdly, concern about tropical deforestation has led 
global consumers to reflect more on how global food sys-
tems impact on both environmental sustainability and the 
livelihood needs of southern producers (Schlosberg, 2013). 
Whilst optimism has been high, evaluations of the 
effects of certification and PES-based forms of govern-
ance present a mixed picture. There are already a number 
of reviews of the state of knowledge about the impacts 
of certification (Blackman and Rivera, 2011; Romero, 
2013; Romero et al., 2013; SCR, 2012) and the impacts 
of PES (Miteva et al., 2012; Pattanayak et al., 2010; Samii 
et al., 2013; Wunder, 2013). These reviews highlight that 
evidence for both environmental and social outcomes re-
mains quite weak, in part because of the difficulties and 
costs involved in undertaking robust impact evaluations, 
but also highlighting that these market-based approaches 
do not provide easy and readily scalable ways of improv-
ing sustainability across forest-food landscapes. The 
evidence base for fledgling REDD+ and FLEGT is even 
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more limited, whilst specific evidence relating forestry 
policies with food security outcomes is almost absent.
Often, market or incentive-based governance interven-
tions are ill-suited to bringing about synergies between en-
vironmental and social goals, as shown by a growing body 
of research. One reason stated is that the logic of market 
efficiency stands in opposition to the need for equity that 
is so fundamental to distribution of basic needs such as 
food security. There is a specific literature related to forest 
and agricultural carbon markets that identifies constraints 
on achieving synergies between carbon mitigation and 
local livelihoods. Firstly, policy-making and funding for 
mitigation and adaptation tend to be separate (Klein et 
al., 2005; Locatelli et al., 2011), meaning that livelihoods 
and food security are not integrated with thinking about 
landscape carbon. Secondly, there is uncertainty about 
the effects of different carbon mitigation interventions 
on food security, partly due to lack of adequate monitor-
ing (Harvey et al., 2014). Thirdly, there are factors that 
constrain communities and individuals from taking part 
in mitigation-oriented carbon and agricultural projects. 
Such access problems can result from unsuitable financ-
ing (Siedenburg et al., 2012), problems of tenure (Robledo 
et al., 2012), local inequalities arising from, for example, 
wealth and gender constraints (Brown and Corbera, 2003; 
Lee et al., forthcoming), and discrimination based on eth-
nicity or social histories (Martin et al., 2013a).
There remains considerable disagreement about 
whether market and incentive-based approaches to for-
est governance can overcome such problems and deliver 
synergies with local livelihood and food security. Some 
scholars argue that they have the potential to bring new 
streams of revenue to rural communities as well as en-
hancing ecosystem services that support food security in 
the longer term (Harvey et al., 2014; Smith et al., 2013). 
There is also some evidence that PES and certification 
improve land tenure security for local people. Despite 
being market-based, FSC certification can contribute to 
more rather than less democratic governance of forests 
(Dare et al., 2011; Meidinger, 2011). Furthermore, a ma-
jor review of the effects of certification found cases where 
it enhances land tenure security for local people (SCR, 
2012). Improvements in land security are also noted for 
PES schemes (Tacconi et al., 2013) and in some REDD+ 
pilot projects (Hoang et al., 2013; Maraseni et al., 2014). 
In contrast, there are also many studies that highlight the 
risks associated with market- and incentive-based approach-
es. Studies of FSC and Rainforest Alliance operations have 
found that the costs of accessing certification outweigh the 
benefits, meaning low uptake of FSC in developing coun-
tries (Marx and Cuypers, 2010) and among smallholders 
(Auer, 2012; Gullison, 2003; McDermott et al., 2015), and a 
bias towards large producers (McDermott et al., 2015; Pinto 
and McDermott, 2013). Scholars show that in order for PES 
and REDD+ schemes to target those who are most able to 
(competitively) provide services, access to schemes has of-
ten been restricted to those with appropriate assets such as 
land (Porras et al., 2008) or education (Zbinden and Lee, 
2005), favouring larger operations and wealthier farmers 
(Pagiola and Platais, 2007) and reducing opportunities for 
women (Boyd, 2002; Lee et al., forthcoming). The fact that 
certification and PES schemes tend to offer small returns 
also means that those who sign up tend to have low entry 
costs, suggesting that they are already at or near to achieving 
the required practices with very little management change 
required (Arriagada et al., 2009; Blackman et al., 2014; 
Gómez-Zamalloa et al., 2011; Honey-Roses et al., 2009).
One particular concern, expressed primarily in theoretical 
works, is that the economic valuation of ecosystem services, 
and their incorporation into global commodity markets, en-
hances the risk of local and indigenous communities being 
dispossessed of land and related rights and access (Büscher 
et al., 2012; Li, 2014; Matulis, 2014; McAfee, 2012). This is 
an important concern because it suggests that recently popu-
lar approaches to governing forests could directly threaten 
local conditions for food security. Careful research is re-
quired and it is important to note that empirical evidence to 
date is limited and suggestive that risks and outcomes vary 
considerably according to context. Studies of some certifi-
cation processes, such as on the Roundtable on Sustainable 
Palm Oil (Silva-Castañeda, 2012) and the Roundtable on 
Responsible Soy (Elgert, 2012), find a democratic deficit 
that leads to marginalisation of smallholder concerns for 
food and livelihood security. In these cases, certification 
legitimises new partnerships between environmentalists, 
private sector agro-industrialists and recent migrant popula-
tions, threatening land security for indigenous and peasant 
communities and weakening their pre-existing relationship 
with NGOs (Elgert, 2012). In similar fashion, Ibarra et al. 
(2011) describe how an indigenous community in Mexico 
withdrew from a PES scheme because of growing concerns 
about loss of self-determination over its own food systems.
The role of market-based mechanisms in the provision 
of food security and nutrition from forests and tree-based 
systems is complex and ambiguous. It remains impossi-
ble to generalise and as with broader governance effects, 
context is essential to understanding the relationships. 
Local market, Chittagong, Bangladesh.
Photo © Terry Sunderland
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4.6 Conclusions
This chapter aimed to provide an overview of natural 
and anthropogenic drivers affecting forests and tree-
based systems, to understand how they affect food 
security and nutrition and to identify interrelations 
among them. For analytical reasons, these drivers were 
categorised as environmental, social, economic and 
governance. 
Following our framework introduced at the begin-
ning of this chapter forest- and tree-based drivers can 
affect food security and nutrition through changes in 
land use and management or through changes in con-
sumption, income and livelihood. Some drivers affect 
food security in both ways (Figure 4.3). 
The effects of the following drivers on food security and 
nutrition travel through land use and management as well 
as through consumption, income and livelihood: 
■	 Population growth places pressure on forests and 
tree-based systems for food security and nutrition 
by changing consumptions patterns and by reducing 
the relative availability of food. Furthermore, popu-
lation growth leads to changes in land use manage-
ment forms, resulting in, for example, commerciali-
sation of agriculture and industrialisation of forest 
resources; 
■	 Urbanisation leads to changes in forest food con-
sumption patterns, with more emphasis on processed 
products and food safety issues. These changes in de-
mand also lead to changes in land use management, 
e.g. commercialisation of agriculture. When combined 
with male migration, urbanisation can lead as well to a 
change of gender balance in rural areas. 
■	 Governance shifts from state-focused government 
to multi-sectoral and cross-scale governance present 
better prospects for integration of different interests 
and goals related to forest and food systems. The 
resulting (global) emphasis on ecosystem services 
can also bring opportunities for improved synergies 
between forest and food systems, changing manage-
ment forms and changes of income and livelihood 
structures. However, when governed by market log-
ics, such valuation poses risks to local control and 
access over resources.
■	 Climate change can directly affect the availability and 
quality of food and nutrition by the appearance of new 
species. It furthermore impacts forests and tree-based 
systems for food security and nutrition through forc-
ing changes in land-use and adoption of management 
forms, and through changes in income from forest 
products. Climate change consequences are consid-
ered not to be gender-balanced and affect vulnerable 
groups the most. 
Major drivers affecting forests and tree-based systems  
for food security and nutrition
Figure
4.3
Forests and tree-based systems for food security and nutrition 
Land use  
and Management
■	Commercialisation  
of agriculture 
■	 Industrialisation of forest 
resources 
■	Gender imbalances 
■	Armed conflicts  
Multiple Effects
■	Population growth 
■	Urbanisation 
■	Governance shifts
■	Climate change 
Consumption, Incomes  
and Livelihoods
■	Rising food prices 
■	 Increasing per  
capita income 
■	Formalisation of  
tenure rights
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The following indirect drivers lead to increased food 
insecurity and poor nutrition by forcing changes in land 
use and management: 
■	 The increasing commercialisation of agriculture to feed 
a growing (urbanised) population is accelerating forest 
loss and thereby reducing the availability of forests and 
tree-based products for food security and nutrition. 
■	 The industrialisation of forest resources (e.g. in plan-
tations) leads to the displacement of local people and 
undermines the availability of and access to food and 
nutrition. This change of production format is often 
based on, and enabled by, weak forest tenure rights. 
■	 Gender imbalances, with male domination, lead to 
the prioritisation of land uses involving commercial/ 
timber products at the expense of food. 
■	 Conflicts, and in particular armed conflicts, in forest 
landscapes can lead to exploitation of forest resources 
and undermine conservation issues. These conflicts 
often detach households from forests and tree-based 
food and nutrition. However, armed conflicts weaken 
institutionalised rules of the game and can also open 
new (illegal) access to food. 
Another set of drivers impacts on forests and tree-based 
food security and nutrition by changing incomes and 
livelihoods: 
■	 Formalisation of tenure rights fosters benefit sharing 
amongst those living in and with the forest. On the oth-
er hand, increased formalisation of tenure rights can 
contribute to increase vulnerability and reduce food 
security, in particular for the poorest. 
■	 Rising food prices may be less pronounced for many 
forest foods than for agricultural foods as the former 
are primarily traded and consumed outside major cit-
ies. Data on forest food markets is, however, scant. 
■	 Increasing per capita income changes households’ food 
consumption patterns. This needs to be better understood 
in relation to ongoing changes in structure and operation 
of national and regional forest food markets. However, 
the gathering of forest food will remain important in ru-
ral communities with low economic growth. 
 The range and diversity of drivers demonstrate the inter-
connectedness between drivers and effects; for example, 
networked governance leading to gender imbalance can 
lead to the prioritisation of timber over food. Responding 
to these messy, interrelated sets of drivers with effective 
options is a major challenge of our time. This challenge is 
further exacerbated as the drivers of forests and tree-based 
systems for food security and nutrition do not allow for 
a generalisation of causal effects. Social structure influ-
ences whether the consequences lead to improvements for 
food security and nutrition or lead instead to increasing 
vulnerability. Determining factors are, for example, local-
ities, with urban and rural situations gaining and suffering 
differently from changes; drivers of change might strive 
for and achieve positive effects for food security for some 
groups but result in contradictory effects for the poorest. 
Hence, responses to drivers need to ensure that they do 
not only address a relatively small number of elite, but 
also to find ways to incorporate the aggregated impacts 
of local, informal responses to drivers. Local stakehold-
ers are in fact not only the most vulnerable, but it can be 
assumed that they are also the most sensitive to new and 
innovative response options. The challenge is to maintain 
the balance to ensure food security and nutrition, and at 
the same time ensure the sustainability of forests and tree-
based systems.
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5.1 Introduction
Habitat loss, largely driven by agricultural expansion, has 
been identified as the single largest threat to biodiversity1 
(Newbold et al., 2014) worldwide. Agricultural activities 
are intensifying, and particularly in the tropics (Laurance, 
et al., 2014; Shackelford et al., 2015) due to increasing 
global demands for food, fibre and biofuels (OECD/FAO, 
2011). As such, “global food security is increasingly trad-
ing off food for nature” Lambin (2012). This habitat loss 
is further compounded by land degradation and competi-
tion from other land uses such as urbanisation (Ellis et al., 
2010). Between 2000 and 2010, in the developing world 
alone, it is estimated that land degradation and urbanisa-
tion consumed between 2.6 and 6.2 million hectares of 
arable land (Lambin and Meyfroidt, 2011). 
The tropics host the majority of biodiversity-rich ar-
eas on the planet (Myers et al., 2000), and the realisation 
that we may be witnessing a sixth mass extinction (Bar-
nosky et al., 2011) has been answered by a call to expand 
the extent of protected areas, particularly in tropical re-
gions. Consequently tropical land is increasingly subject 
to competing claims (Giller et al., 2008) and reconciling 
these claims presents what are sometimes referred to as 
“wicked problems” (Rittel and Webber, 1973). A range 
of concepts and frameworks for implementation are now 
being discussed which aim to consider land-use change 
in forested landscapes in such a way that competing de-
mands for food, commodities and forest services may 
be, hopefully, reconciled (e.g. Pirard and Treyer, 2010). 
There is abundant theory to underpin the desirability of 
establishing landscape “mosaics” (Naveh, 2001; Sunder-
land et al., 2008), where such competing demands are ad-
dressed in a more holistic, integrated manner. 
“Landscape approaches” to achieving food produc-
tion, natural resource conservation and livelihood securi-
ty goals seek to better understand and recognise intercon-
nections between different land uses and the stakeholders 
that derive benefits from them (Milder et al., 2012). Such 
approaches also aim to reconcile competing land uses and 
to achieve conservation, production and socio-economic 
outcomes (Sayer et al., 2013) and as such are now ubiqui-
tous paradigms in the natural resource management dis-
course (DeFries and Rosenzweig, 2010). Furthermore, the 
environmental services that support the sustainability of 
agriculture are also sought through landscape approaches 
(Scherr and McNeely, 2008; Brussaard et al., 2010; Foli 
et al., 2014). However, the very complexity of landscape 
approaches defies definition (Reed et al., 2015), despite 
the clarion calls for such clarification. 
In parallel, both in the North and in the South, indus-
trial agriculture, the ultimate legacy of the Green Revo-
lution, is being questioned as a model to achieve global 
food security sustainably (McLaughlin, 2011). This model 
may have been appropriate to the context of the 1960s and 
1970s, when reducing hunger was the main goal, when 
water and nutrients were abundant, energy was cheap, and 
when ecosystems were able to detoxify agricultural pol-
lutants. The global context today is very different with the 
growing scarcity of cheap energy (Day et al., 2009), water 
(Wallace, 2000) and nutrients (e.g. phosphorus, Cordell 
et al., 2009). The adoption of large-scale industrial agri-
culture has resulted in negative impacts on the environ-
ment (Conway, 1997; Cassman et al., 2003), public health 
(Fewtrell, 2004; Bandara et al., 2010) and even nutrition 
(Ellis et al., 2015), suggesting the paradigm itself needs to 
be challenged (Tilman and Clark, 2014). 
In addition, industrial agriculture, with its narrow focus 
on a few crops (Sunderland, 2013; Khoury et al., 2014), has 
proven to be highly susceptible to shocks such as drought, 
flooding, pests and disease outbreaks, and market vagar-
ies (Holling and Meffe, 1996; Swinnen and Squicciarini, 
2012). In response to these challenges, various approaches 
have emerged using ecological concepts and principles 
to design sustainable agricultural systems (Gliessman, 
1997). These approaches are based on the assumption 
that chemical and mechanical inputs can be replaced (at 
least partially) by biological functions (Doré et al., 2011; 
Cumming et al., 2014). Such functions are performed by 
the planned biodiversity (e.g. managed diversity of crop 
and livestock species), but also by the unplanned biodi-
versity (e.g. pollination or biological pest control), which 
Abstract: This chapter presents potential landscape-scale responses that attempt to reconcile the oft-
competing demands for agriculture, forestry and other land uses. While there is no single configuration 
of land-uses in any landscape that can optimise the different outcomes that may be prevalent within a 
particular landscape, there are options for understanding and negotiation for the inherent trade-offs that 
characterise such outcomes. With increasing pressure on biodiversity and ecosystem services across 
many landscapes from the growing impact of human activities, hard choices have to be made about how 
landscapes could and should be managed to optimise outcomes. In a context where views on landscape-
scale management options are often deeply entrenched and conflicts of interest are difficult to recon-
cile, consensus on what constitutes “success” may be difficult to achieve. Political economy and wider 
governance issues have often meant that a theoretically optimal landscape is unrealistic or unachievable 
on the ground. However, in this chapter we attempt to provide an over-arching framework for landscape 
approaches and how such approaches can contribute to both conservation and the achievement of food 
security and nutrition goals.
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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is often crucial in these agroecological systems (Klein et 
al., 2007). The maintenance of unplanned biodiversity in 
agricultural landscapes is often due to dispersion from 
nearby (undisturbed) natural patches (Blitzer et al., 2012; 
Tscharntke et al., 2012). Natural areas may also provide 
nutrient subsidies to agricultural lands. For example, birds 
can be important vectors of nutrient subsidies from natu-
ral areas to agricultural lands (Young et al., 2010). This 
suggests the importance of landscape approaches not only 
for biodiversity conservation, but also for the design of 
sustainable agricultural systems. 
Finally, non-intensive agricultural land may host signif-
icant biodiversity within a given landscape (Benton et al., 
2003; Clough et al., 2011). Multifunctional landscapes are 
often described as patches of natural habitat embedded in 
an agricultural matrix (Fischer et al., 2006). Implicitly, this 
division assumes that patches are biodiversity-rich whilst 
the matrix is depleted in biodiversity (Tscharntke et al., 
2005). However, the matrix may be part of the habitat of 
several species (Wright et al., 2012). This is particularly 
the case if the matrix is structurally similar to the native 
vegetation, for example, tropical agroforests (Clough et 
al., 2011). In addition, in human-dominated landscapes, 
agriculture is often the dominant force maintaining open 
patches on which many species depend (Arnold et al., 
2014). This is the case for example of open-habitat bird 
species, which have become totally dependent on agricul-
tural land in many areas (Wright et al., 2012). In tropical 
forests, traditional shifting cultivation agricultural practices 
create patches of open grassy fallow in an otherwise homo-
geneous forest cover. The resulting landscape mosaic may 
be beneficial for several species. For example, shifting cul-
tivation systems in Sri Lanka were found to provide a key 
food source to populations of endangered Asian elephant 
(Wikramanayake et al., 2004), but also led to serious issues 
of crop raiding (Mackenzie and Ahabyona, 2012).
Despite the utility of landscape approaches for both 
sustainable agriculture and biodiversity conservation, it 
should however not be seen as a prescriptive approach to 
spatial planning. Published principles for landscape ap-
proaches (Fischer et al., 2006; Lindenmayer et al., 2008; 
Sayer et al., 2013) should not be seen as a set of boxes to be 
ticked in the search for an agreed spatial plan but rather as 
a framework of approaches from which practitioners may 
draw in order to solve real problems on the ground. There 
are fundamental difficulties in identifying and agreeing on 
metrics to measure progress in solving wicked problems 
particularly if opinions differ on the optimal solution to a 
problem when no single metric can measure, or even de-
fine, “success”, particularly when trade-offs are the norm 
(Sunderland et al., 2008). National level reviews of land-
scape and ecosystem approaches to forest management 
have revealed that this is still very much work in progress 
(Sayer et al., 2014). The application of landscape princi-
ples might eventually lead to a spatial plan accepted by 
stakeholders but landscapes are constantly changing un-
der the influence of multiple drivers and end points in the 
form of long-term plans appear to be the exception rather 
than the rule (Carrasco et al., 2014). 
Much of the theory and practice of landscape approach-
es is underpinned by the assumption that facilitation and 
negotiation will eventually allow for a consensus on a 
desired outcome. However, in reality there are often en-
trenched views, conflicts of interest and power plays as a 
result of which, true consensus is rarely achievable (Colfer 
and Pfund, 2010). Conflict between agriculture, at both 
industrial and small scales, conservation and other com-
peting land uses (e.g. industry, urbanisation, tourism, rec-
reation, dams, reservoirs) is often the subject of strongly 
contested activism with highly polarised positions (Sunder-
land et al., 2008). Landscape approaches sometimes appear 
to be advocated on the assumption that they can resolve 
these fundamental differences in a way that will avoid con-
flict, particularly with regard to achieving both food and 
nutritional security. In reality, any intervention will bring 
“winners” and “losers” as any rural community – includ-
ing “traditional societies” living in or on the edge of forest 
habitats – is heterogeneous and characterised by various 
internal conflicts. Ignoring this heterogeneity and these in-
ternal conflicts may weaken local communities against the 
influence of new powerful stakeholders, for example log-
ging and mining concessions (Giller et al., 2008).
This chapter seeks to highlight the options related to 
the integration of agriculture, forestry and other land uses 
(Sayer et al., 2013; Sunderland et al., 2013). The inten-
tion is to identify landscape-scale policies, interventions 
and actions that may achieve this integration through land 
use change, recognising subsequent implications of for-
est loss and degradation on food security and nutrition. 
We also look at landscape configuration (including man-
agement systems, land sharing/sparing, intensification, 
productive landscapes, eco-agriculture etc.) and neces-
sary synergies and trade-offs between different land uses 
(crops, livestock etc. but also other sectors), and forests 
and tree-based systems. Finally, we look at integrated and 
cross-sectoral options (that include forests and tree-based 
systems) for food security.
Boys with Parkia biglobosa pods, Labe, Guinea. 
Photo © Terry Sunderland
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5.2 The Role of Landscape  
Configurations
5.2.1 Temporal Dynamics within Landscapes
Landscapes change over time and the spatial configuration 
of land uses is rarely static. Such changes are not only a 
result of anthropogenic pressures (such as deforestation), 
but can also be caused by natural ecological dynamics (e.g. 
Vera, 2000). Failure to understand these dynamics and their 
origins can lead to misguided management interventions, 
as in the case of Sahelian forest dynamics where it was 
assumed incorrectly that people were responsible for forest 
loss (Fairhead and Leach, 1996). Given this dynamism, in 
many forest landscapes it may be inappropriate to perma-
nently delineate land uses in fixed spatial patches – often 
referred to as “zoning”. However, finding workable alter-
native governance arrangements in such systems can be 
very difficult (Scott, 1999). 
In some cases, particular configurations of the land-
scape level social-ecological system, containing multi-
ple different patches of land uses, may be more or less 
sustainable in the long term. For example, the best con-
figuration to maximise production of a particular com-
modity (such as a tree crop like oil palm) in the short 
term may be a large monoculture, but this might degrade 
the productivity of the land and other ecosystem servic-
es in the long term. Similarly, the best configuration to 
maximise the abundance of a given species of interest 
today may be very different from the best configuration 
to maximise the abundance of the same species in a cou-
ple of decades, as climate change is driving shifts in spe-
cies ranges (Parmesan and Yohe, 2003). The optimum 
configuration to produce the same desired outcome in 
the longer term might look very different. The fact that 
multifunctional landscapes are “moving targets’ with 
“multiple futures” calls for adaptive management ap-
proaches (Holling and Meffe, 1996).
Related to adaptive management is the concept of 
resilience: “the capacity of a system to continually 
change and adapt yet remain within critical thresholds” 
(Stockholm Resilience Centre, 2014). Some landscape 
configurations may be better able to cope with emerging 
pressures in the future, such as anthropogenic climate 
change. A considerable literature argues that landscapes 
containing diverse social and ecological systems (multi-
functional landscapes) are likely to be more resilient to 
change than more simple systems (e.g. Elmqvist et al., 
2003; Tscharntke et al., 2005). Production landscapes 
that are configured to maximise resilience by mimick-
ing the structure of natural ecosystems are sometimes 
referred to as “eco-agricultural” landscapes (Scherr and 
McNeely, 2008). In addition, the numerous ecological 
interactions between cultivated and natural patches of 
vegetation in landscape mosaics (see above) result in 
complex ecological networks and stabilise the functions 
of these landscapes. In comparison, ecological interac-
tions in more homogeneous landscapes are limited, and 
the functions of such landscapes (including agricultural 
productivity) are more vulnerable to shocks (e.g. ex-
treme climatic events) (Loeuille et al., 2013). Forests 
and tree-based landscapes also sustain the resilience of 
social systems: forest products are consumed more fre-
quently in times of food scarcity and can provide cru-
cial livelihood safety nets (Johns and Eyzaguirre, 2006; 
Powell et al., 2013)
5.2.2 Trade-offs and Choices  
at the Landscape Scale
Landscapes are complex systems that generate a range 
of social and ecological outcomes over time. These out-
comes are not limited to food; they include biodiversity 
conservation, sources of income, provision of cultural, 
regulatory and social services and a host of other ben-
efits. Different landscapes produce different combina-
tions of these elements, dependent on biophysical (such 
as soils and rainfall) and social conditions (such as who 
has the right to manage and harvest what). 
There is no single configuration of land-uses in any 
landscape that can provide all the different outcomes 
that people might find desirable. For example, the “best” 
landscape configuration for biodiversity conservation 
might include large areas of forest strictly protected 
from human use, but this might support the livelihood 
needs of only a very small human population or even 
displace previously resident people (Brockington and 
Igoe, 2006). This has often been the case in the estab-
lishment of protected areas in many parts of the world 
(West et al., 2006). For example, in Madagascar the ex-
pansion of protected forest areas has alienated people 
from previously common lands, a phenomenon that can 
restrict community access to forest resources, including 
food (Corson, 2011). In contrast, the “best” landscape 
for cereal production might contain very little or no 
forest at all. Other desirable outcomes, such as malaria 
mitigation (Mendenhall et al., 2013) or food security 
Mosaic of agriculture, agroforestry systems and forest in  
Chittagong, Bangladesh.
Photo © Terry Sunderland
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(Thrupp, 2000; Chappell et al., 2013; Sunderland et al., 
2013) may be best provided by more diverse landscapes. 
With increasing anthropogenic and biophysical pres-
sures on biodiversity and ecosystem services across many 
landscapes, choices have to be made about what is de-
sirable and how landscapes should be managed (MEA, 
2005; Laurance et al., 2014). Management regimes can 
serve to optimise trade-offs and synergies among differ-
ent outcomes (Naidoo et al., 2006; DeFries and Rosen-
zweig, 2010), but there are always likely to be some 
trade-offs and opportunity costs (McShane et al., 2011; 
Leader-Williams et al., 2011). To address this problem, 
increasing attention has been given by researchers to the 
question of how to resolve trade-offs at the landscape 
scale to produce desirable outcomes for both biodiversity 
and production goals (e.g. Polasky et al., 2008). 
5.3 Land Sparing and Land Sharing
The land sharing / land sparing framework is potential-
ly useful for considering trade-offs between agriculture 
and biodiversity conservation (Balmford et al., 2005; 
Green et al., 2005; Garnett et al., 2013). One rationale 
for accepting the negative ecological consequences of 
land-use intensification on existing farmland is that nat-
ural habitats can be “spared” from further expansion of 
agriculture and as such will be sufficient for the mainte-
nance of biological communities and ecosystem servic-
es. Meanwhile, integrating agricultural production and 
conservation on the same land (“land sharing” or “wild-
life-friendly farming”), coupled with the likelihood of 
further expansion acts as an alternative solution for bal-
ancing trade-offs between production and conservation. 
However, the central question in the land sparing / land 
sharing debate is whether it is more favourable for biodi-
versity if desired increases in agricultural production are 
met by increasing the area of low yield farmland (land 
sharing) or by increasing the intensity of farming on ex-
isting farmland (land sparing).
To answer this question it is necessary to understand 
the relationship between biodiversity and agricultural 
production in landscapes. Empirical fieldwork in Ghana 
and India (Phalan et al., 2011), Uganda (Hulme et al., 
2013) and Malaysia (Edwards et al., 2014) has consist-
ently found that land sparing is the “better” strategy for 
reconciling biodiversity and food production targets, be-
cause many species cannot survive in farming systems 
of even the lowest management intensity (Ewers et al., 
2009; Phalan et al., 2011; Balmford et al., 2012). More 
recently, it has been shown that with relatively modest 
and sustainable increases in productivity on existing 
farmland, Brazil could reduce deforestation caused by 
agriculture to zero (Strassburg et al., 2014). Pretty and 
Barucha (2014) also conclude that sustainable intensi-
fication can result in desirable outcomes both for en-
hanced food yields and improved environmental goods 
and services, yet Phelps et al. (2013) suggest that with 
intensification, productivity increases could incentivise 
further clearance of forest for agriculture. The majority 
of farmers in developing countries also lack the neces-
sary capital to either intensify their farming systems or 
spare land for nature (Bennett and Franzel, 2013). Box 
5.1 highlights some examples of novel technologies ap-
plied to better integrate agriculture, forest and food se-
curity in a landscape.
The land sparing/sharing framework and associated 
research have consequently generated some debate 
Novel technologies 
New applications of technologies such as remote sensing and mobile phones, also contribute  
to improving the integration of agriculture and forest conservation within landscapes.  
A few examples have been collected:
■	 The recently launched Soil Moisture Active Passive Observatory (SMAP) will be used in designing global early-warning 
systems and improving the precision of crop suitability maps (NASA website). This technology can improve climate 
and weather forecasts, allowing scientists to monitor floods and droughts and therefore better predict crop yields. 
■	 In Kenya, through the Kilimo Salama initiative of Syngenta Foundation, farmers are able to purchase insurance via their 
mobile phone messaging service, which lowers the cost of insurance provision. With their crops insured, farmers can 
more readily experiment with higher-risk, higher-yield crops and stay assured that regardless of the weather, they will 
be able to feed their families (Rojas-Ruiz and Diofasi, 2014). 
■	 In India, studies revealed that the introduction of mobile technology enhanced farmers’ awareness of markets and 
prices and improved decision-making with regard to technology adoption. Challenges to further increase the adop-
tion and utility of mobile technology include availability of content in local languages, compatibility of these languages 
with the handsets, overall literacy, retrieval costs of voice messages and the lack of transmission masts in remote areas 
(Mittal et al., 2010; Mittal, 2012). 
■	 In East Africa, researchers linked scientists with a private sector communications firm that produces Shamba Shape-Up 
(SSU), a farm reality TV show broadcast in Kenya, Tanzania and Uganda. The show seeks and presents climate-smart 
agriculture (CSA) information, reaching an average monthly viewership of 9 million people across East Africa. Research 
shows a trend of increasing uptake of CSA practices, with an average of 42 percent of SSU viewers changing their 
practices, as well as benefitting Kenya’s GDP through net soil fertility and net dairy production increase. In a further 
development, the company is expanding CSA platforms by linking SSU to a mobile/SMS/internet service allowing farm-
ers to ask questions and receive technical advice from experts. (http://ccafs.cgiar.org/blog/communicating-behavior-
change-how-kenyan-tv-show-changing-rural-agriculture)
Box
5.1
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(Perfecto and Vandermeer, 2010). Critics of the land 
sparing approach argue that the intensification of agri-
culture has a negative impact on biodiversity and eco-
system services, and that for “sparing” to work, inten-
sification of agriculture in one place must be explicitly 
coupled with protection of natural habitat elsewhere, 
which rarely happens in practice (Chappell and LaV-
alle, 2009; Perfecto and Vandermeer, 2010; Angelsen, 
2010; Tilman et al., 2011). Links between the inten-
sification of agricultural systems (through increased 
fertiliser application, pesticide use, animal stocking 
rates and irrigation) and in situ declines of biodiversity 
on farmland have been well documented (Green et al., 
2005; Kleijn et al., 2009), even though biodiversity loss 
need not necessarily accompany increased agricultural 
yields across all systems (Clough et al., 2011). Mean-
while, the potential ecological impacts of “spillover” 
effects (Matson and Vitousek, 2006; Didham et al., 
2015), from the agricultural matrix into adjacent natu-
ral systems (e.g. inputs of nutrient subsidies through 
fertiliser drift and down-slope leaching (Duncan et al., 
2008), livestock access (Didham et al., 2009) and the 
spillover of predator or consumer organisms (Blitzer et 
al., 2012)) could likely compromise the effectiveness 
of land sparing strategies. 
Proponents of land sharing advocate the creation of 
multi-functional agricultural landscapes that generate and 
utilise natural ecological processes within a social and 
cultural context (Bolwig et al., 2006; Perfecto and Van-
dermeer, 2008; Knoke et al., 2009; Barthel et al., 2013). 
In turn, this approach has been criticised for promoting 
lower yields and therefore leading to further forest clear-
ance for agriculture. It is also claimed that land sharing 
is only suitable for conserving only those species able to 
survive in human-dominated landscapes, namely general-
ist or common species (Kleijn et al., 2006; Jackson et al., 
2007; Phalan et al., 2011). Meanwhile, others have criti-
cised the entire framing of land sparing/sharing on the 
basis that it fails to consider broader social and ecological 
complexities such as other ecosystem services, food secu-
rity and poverty (Fischer et al., 2014). 
In reality the choice and distinction between land 
sparing and land sharing, while context dependent, is 
unclear. For example, what appears to be sharing at the 
landscape scale may look more like sparing at the local 
scale (Grau et al., 2013; Baudron and Giller, 2014). The 
framework offers a useful tool for thinking about choic-
es in landscapes, but policymakers should recognise that 
there are important limitations to its use in real world 
situations (Perfecto and Vandermeer, 2010:, Fischer et 
al., 2014). Furthermore, such “landscape design” think-
ing might be intuitively appealing, but it faces a number 
of limitations in practice:
■	 Trade-off analyses tend to be incomplete, meaning that 
they neglect important issues (Fischer et al., 2014). 
For example, the “best” landscape for balancing forest 
conservation and food production may be very differ-
ent from the “best” landscape to balance conservation, 
food and space for urban expansion.
■	 Results may be affected by the spatial scale of analy-
sis. The “best” landscape configuration at one scale 
may be different at a larger scale. Additionally, land-
scape analyses often fail to incorporate flows of peo-
ple and materials between landscapes (Phalan et al., 
2011; Seto et al., 2012; Grau et al., 2013).
■	 The concept of idealised landscape design ignores the 
social and political realities on the ground (Fischer 
et al., 2014). Who owns what within the landscape, 
and who gets to decide what happens? Who benefits 
or loses from particular choices? What is the history 
and current status of the landscape? These political 
economy issues may mean that a theoretically optimal 
landscape configuration is unrealistic or unachievable 
on the ground.
The research reviewed in this section demonstrates the im-
portance of thinking beyond the site scale by taking into ac-
count broader interactions between land-uses within land-
scapes. However, it also highlights the inherent complexity 
in any such analysis, and the trade-offs that are likely to 
exist between the desired outcomes of different stakehold-
ers. Research at this scale is in its infancy, and faces daunt-
ing data and analytical deficiencies. Addressing these chal-
lenges will be a priority for the coming years. 
A broader question is how far research can go in provid-
ing useful information about relationships between forest 
food systems and other land-uses at the landscape scale. 
5.4 Landscapes and Localised  
Food Systems
Landscape approaches offer promise for solving some 
food-related problems that have proved to be more in-
tractable than the basic task of producing more calories, 
such as improving access to food and nutrition through 
the provision of a diversity of products, and thus im-
proving diets (Scherr and McNeely, 2008; Ickowitz et 
al., 2014).
Landscape approaches, especially those that are de-
veloped locally, are often more suitable for lands where 
previous agricultural intensification has been unsuc-
cessful, for example on sloping lands and other areas 
that are marginal for conventional approaches. The di-
verse production activities that such systems comprise 
are often well adapted to the panoply of environmental, 
demographic, social, political and economic changes 
that is sweeping across much of the less-developed 
world. Diverse, locally-adapted production and resource 
management systems tend to increase the resilience of 
rural households in the face of such changes (Padoch 
and Sunderland, 2014).
It is estimated that 40 percent of all food in the less-
developed world, and up to 80 percent if solely focusing 
on Africa and Asia (FAO, 2012), originates from small-
holder systems, and many of these systems depend es-
sentially on diverse landscape systems (Godfray et al., 
2010). Smallholder farmers worldwide and throughout 
history have managed landscapes for food and other 
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livelihood needs. Forests, woodlots, parklands, swid-
den-fallows and other tree-dominated areas are integral 
parts of many smallholder landscapes and household 
economies (Agrawal et al., 2013).
The greatest obstacle to including shifting cultivation 
in the new landscape paradigm, in the eyes of both devel-
opment professionals and conservationists, is not neces-
sarily the illegibility of its patchy landscapes or the com-
plexity of its management, but its inherent dynamism. 
Change is what defines a system as shifting cultivation: 
annual crops are moved from plot to plot every year or 
two; as forests regenerate in one area, they are felled in 
another. Can so much dynamic change be tolerated in 
a “sustainable” landscape? (Scott, 1999). Can shifting 
cultivation be considered sustainable if it includes slash-
ing and burning woody vegetation? These questions are 
inherent in complex socio-ecological systems and land-
scape dynamics and can only be addressed at a landscape 
level through an adaptive approach that is based on con-
tinual learning – two essential features of a landscape ap-
proach (Sayer et al., 2014; Holling and Meffe, 1996).
Many shifting cultivation systems worldwide have 
adapted successfully to larger human populations, new 
economic demands and the directives of anti-slash-
and-burn policies and conservation prohibitions. Such 
adaptation has taken a large number of pathways, of 
which the more active management of fallows has per-
haps been the most important. Examples include the 
management of rich mixtures of marketable fruits and 
fast-growing timbers in Amazonia and the production 
of rubber and rattans in Southeast Asia (Sears and 
Pinedo-Vasquez, 2004; Cairns, 2007). These adapta-
tions suggest that the sustainability of shifting cultiva-
tion systems emerges when it is seen at broader spa-
tial and longer temporal scales: shifting cultivation, 
in common with many smallholder-influenced land-
scapes, is constantly mutable. 
As exemplified in the case study in Box 5.2, pro-
ductive, complex and dynamic landscapes in the Lao 
People’s Democratic Republic and elsewhere, lend flex-
ibility to household economies and contribute to appro-
priate responses to climatic and economic perturbations. 
Programmes of directed change, such as the one pro-
moted by the Lao government, attempt to create distinct 
zones for agricultural intensification and forest conser-
vation, but until now have failed to enhance sustainable 
resource management or local livelihoods.
5.5 “Nutrition-sensitive” Landscapes
Nutrition-sensitive approaches to agriculture and food 
security are gaining increasing acceptance as an impor-
tant dimension of global food security policy (Ruel and 
Alderman, 2013; Pinstrup-Andersen, 2013), recognis-
ing that the ultimate solution to malnutrition lies in the 
consumption of sufficient quantities of nutritious foods 
(Burchi et al., 2011). While protein and calorie deficien-
cies are still widespread, the prevalence of micronutri-
ent deficiencies outweighs that of hunger, and should be 
a public health, food security and agricultural priority 
(Allen, 2002). Most of the discourse surrounding nutri-
tion-sensitive approaches focuses on the role of mono-
culture agriculture, overlooking the role of agroecologi-
cal systems, wild foods and forests in contributing to 
nutrition and dietary adequacy (Powell et al., in press). 
Some recent work, however, suggests that the contribu-
tion of forests and tree-based agriculture to nutrition in 
particular may be substantial (Golden et al., 2011; Ick-
owitz et al., 2014; also see discussion in Chapter 2). 
Malnutrition, including under-nutrition and over-
nutrition together with the concomitant increases of 
non-communicable diseases in poor and middle-income 
countries are key developmental and political challeng-
es for donors, governments and smallholders (Frison et 
al., 2011). Direct pathways to malnutrition include poor 
diet and infection often combined with lifestyle factors, 
which are determined by personal factors (e.g. physi-
ology, psychology and knowledge), household factors 
(such as quantity, quality, seasonality and use of own 
food production, income and education), as well as 
broader structural social, cultural, political and environ-
mental factors (such as inequality and access to produc-
tive resources, information etc.). Indirect pathways to 
malnutrition are important, operating through income, 
The long-term benefits of  
shifting agriculture: a case study 
from Lao PDR
An important study (Castella et al., 2013) analysed chang-
es in the patterns of field-forest landscapes that occurred 
as environmental and socio-economic change trans-
formed the territories of seven villages in the northern 
uplands of the Lao People’s Democratic Republic over 
a period of 40 years. In this region, where a tradition of 
shifting cultivation had created intricately-patterned land-
scapes of forest, fallows and farms, such landscapes are 
now being radically altered by policies aimed at increas-
ing forest cover and promoting intensive commercial 
farming. Shifting cultivation, with its complex landscapes, is 
deliberately being replaced with a land sparing model of 
agriculture. This is because the segregation of land uses is 
perceived as most efficient for achieving multiple objec-
tives in the context of a growing population, and shifting 
cultivation is widely viewed as “primitive” by government 
and other institutions. 
Based on extensive field research, however, Castella et al. 
(2013) found that by imposing strict boundaries between 
agricultural and forest areas, interventions in the name 
of land-use planning have had significant negative impacts 
on the well-being of rural communities and especially on 
their ability to adapt to change. Farm and forest products 
that previously were “intricately linked at both landscape 
and livelihood levels, are now found in specialized places, 
managed by specialized households” (i.e. the domesti-
cation of non-wood forest products) and collected by 
specialised traders. The authors argued that “this trend 
may have negative consequences for the resilience of the 
overall landscape as it reduces its biological and socio-
economic diversity and therefore increases vulnerability 
to external shocks” (Castella et al., 2013).
Box
5.2
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education, equity and other factors that can have sus-
tained and longer-term impacts. 
The best way to address the challenge of under-nutri-
tion and malnutrition is to coordinate activities across dif-
ferent sectors and different levels of scale: a more holistic 
“systems approach” (Frison et al., 2011; Powell et al., in 
press). There is a bidirectional link: while landscapes have 
an influence on the nutrition and health of the communi-
ties that depend on them (Golden et al., 2011; Ickowitz et 
al., 2014), the behaviour of people can also have an influ-
ence on the very well-being and long-term sustainability 
of integrated landscape systems themselves. 
A number of landscape level factors lead to insuffi-
cient production, sale and use of nutritious food. These 
include internal factors such as poor productivity of the 
agricultural, aquatic and forestry systems; loss of agricul-
tural biodiversity of the systems; access to markets and 
lack of knowledge and awareness on healthy diets (e.g. 
Powell et al., 2014); but also external drivers of land use 
and landscape change including environmental, institu-
tional, social and political factors. A better understanding 
of these factors would help to reduce their impact on food 
security and nutrition.
While there is evidence that increased income and im-
proved food security are correlated at the national scale, 
evidence is beginning to emerge showing that incomes 
from diverse landscapes may be used in a nutritionally-
sensitive manner (Ickowitz et al., 2014). The interactions 
between urban and rural populations have profound im-
plications on livelihoods, markets and wellbeing. The 
layers of these relationships need to be understood and 
supported when positive, and mitigated when shown to 
reduce resilience.
5.6 Landscape Governance
There are diverse uses and understandings across disci-
plines of the term “governance” (Kozar et al., 2014). At its 
core, the term denotes the inclusion of multiple non-state 
actors in deliberating and deciding society’s most press-
ing issues and their solutions, and refers to new spaces 
where increasingly complex problems can be solved by 
multiple types of actors (Kozar et al., 2014). Landscape 
governance is thereby concerned with the institutional 
arrangements, decision-making processes, policy in-
struments and underlying values in the system by which 
multiple actors pursue their interests in sustainable food 
production, biodiversity and ecosystem service provision 
and livelihood security in multifunctional landscapes.
As people living in and around a particular landscape 
seek from it a wide range of qualities and benefits, the 
divergent values and interests of multiple types of actors 
at different levels create new challenges for landscape 
governance. Throughout the world, innovative efforts are 
being pursued to couple the sustainable governance of 
ecological resources and human activity within a com-
mon framework. These efforts seek to realise multiple 
ecosystem services and livelihood benefits for diverse 
stakeholders within the same geographic location. At 
the same time, advances in the study of socio-ecological 
systems (Liu et al., 2007) and the corresponding prac-
tice of integrated landscape governance (FAO, 2005; 
Scherr et al., 2013) is rooted in the growing recogni-
tion that nature conservation need not necessarily pose a 
trade-off with development.
Rather, investments in conservation, restoration and 
sustainable ecosystem use are increasingly viewed as po-
tentially synergistic in generating ecological, social and 
economic benefits and therefore providing solutions to 
the “wicked” problems identified earlier in this chapter 
(de Groot et al., 2010; see also discussion in Chapter 6). 
As inhabitants of landscapes and other practitioners 
continue to experiment and innovate with the scaling-up 
of landscape approaches from their diverse entry points, 
emerging institutional issues of multi-level and multi-
actor governance and their incongruity within adminis-
trative and jurisdictional boundaries pose an imminent 
challenge to successfully realising multiple outcomes 
from multi-functional landscapes.
Consensus across multiple fields, spanning ecologi-
cal, political and geographical disciplines, concludes that 
a core challenge for addressing complex problems bridg-
ing social and ecological systems is effective governance 
at multiple levels. Yet the inhabitants of landscapes and 
other practitioners struggling to implement landscape ap-
proaches often focus on one level, whether international, 
national, regional or local (Nagendra and Ostrom, 2012). 
Multilevel decision-making for the governance of land-
scapes helps to link actors and address the complex issues 
that arise in governing social-ecological systems (Görg, 
2007). However, the way in which the issues of scale and 
multi-actor governance are conceptualised and the man-
ner in which solutions for viable governance systems are 
designed are both emergent and variant.
Market sellers at the roadside, Nyimba, Zambia.
Photo © Terry Sunderland
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Effective governance structures in multifunctional 
landscapes remain elusive, giving rise to questions such 
as: what functions will be located where, what rules de-
termine who has rights to what resources at what time, 
and how to enforce those rules. Who decides such ques-
tions based on what values, and who is included and ex-
cluded from activities and benefits linked to different 
functions are also key challenges within the manage-
ment of complex landscapes. 
Decision-making processes that can accommodate 
diverse values, interests and knowledge while balancing 
the influence and power among different types of actors 
can help to formulate a common vision and maintain it in 
the face of dynamic socio-ecological change in the land-
scape. Robust institutions capable of traversing scales and 
levels can contribute to providing the mechanisms and in-
centives by which public, private and civic sector actors 
can cooperate to realise their desired outcomes.
Colfer and Pfund (2010) identified recurring is-
sues that are likely to impinge on any efforts to work 
collaboratively with tropical forest communities and 
landscapes. These include, governmental policies 
with complex, diverse and often unpredictable effects, 
varying interfaces between customary and formal le-
gal systems, differences in the use and governance of 
agricultural production and non-timber forest products 
(NTFPs), and the potential even within collaborative 
governance for harm (win-win solutions are unlikely 
always to be an option and many argue that trade-offs 
are the norm) (Giller et al., 2008). 
Based on a comparative study of pantropical land-
scapes, Colfer and Pfund (2010) conclude that there are 
six key issues that represent governance constraints at 
the landscape scale: 1. the powerful duo of government 
and industry (for example, oil palm expansion); 2. risks 
linked to national policies (for example, the focus on 
men and timber in forest management, without com-
plimentary income-generating and gender-balanced ac-
tivities); 3. complexities of pluralistic governance (such 
as differing relations between hinterland groups and 
governments); 4. differences in cultural significance and 
governance of NTFPs and other forest products, includ-
ing differentiation in roles between sexes and among 
social groups; 5. discontinuity between national laws 
and swidden agroforestry systems; and 6. new potential 
dangers for hinterland people from international sources 
(such as risks of exclusion linked to international en-
couragement of proliferation of protected areas).
Most of these issues demonstrate the global variety 
and variation over time in contexts, peoples, and re-
gimes governing natural resources. Such diversity and 
dynamism reinforces the desirability of: a) strength-
ening and supporting their involvement in their own 
governance and b) tailoring any interventions to the 
specificities of any locale. Indeed, implementation 
of the latter probably requires the implementation of 
the former. Thus formal governmental shortcomings 
strengthen the argument for stronger citizen involve-
ment, to serve as monitor and ultimately provide some 
constraint on such power. 
5.7 Conclusions
The ability to create change in policy and practice in the 
context of landscape approaches to land management 
is currently impaired by a dearth of scientific evidence. 
While there is a growing body of evidence, our under-
standing of how forests and landscapes with tree cover 
contribute to food security and nutrition and the provi-
sioning of healthy and nutritious foods to local and global 
food systems remains limited. Greater attention to the 
production of and access to nutrient-dense foods is need-
ed in the debate on the respective benefits of land sharing 
versus land sparing which has focused to date on the im-
pacts of staple crop yields (one important aspect of food 
security) on biodiversity and forest conservation. 
Future work on forests, and food security and nutri-
tion should also focus on linking the health of forests and 
landscapes to food sovereignty (which encompasses food 
security, the right to food and healthy diets, as well as 
the right to control over one’s own food system (Pimbert, 
2009) to help mitigate nutrition transitions while con-
tributing to sustainable management of wildlands. The 
concept of food sovereignty has been widely accepted 
by many indigenous groups (e.g. http://www.indigenous-
foodsystems.org/food-sovereignty), and it is seen as a po-
tential mechanism and argument to enhance greater au-
tonomy of indigenous communities over their local food 
and agricultural systems as well as their wider landscapes 
and bio-cultural environments. 
The need for local food systems is clearly demon-
strated by the fact that current global food production is 
more than adequate to feed the entire global population, 
at least in terms of calories (Stringer, 2000; Chappell and 
LaValle, 2011), while more than 800 million people are 
undernourished (FAO, 2009). Clearly, producing large 
amounts of food in the North is not enough to guarantee 
food security in the South. A main reason for this is that 
the agricultural production from the North is subject to 
Cattle grazing in Borassus aethiopium savannah, Senegal.
Photo © Terry Sunderland
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multiple demands, not only from the food sector, but also 
from the livestock (Goodland, 1997) and energy sectors 
(OECD-FAO, 2011). 
Enhanced food sovereignty will help ensure local peo-
ple have control over their own diets and are engaged in 
efforts to improve the nutritional quality of their diets. 
Such community level engagement will be particularly 
important for those people facing a nutrition transition 
and the burden of malnutrition. Community level engage-
ment with local food and agricultural systems additionally 
creates a setting ideal for engaging communities for more 
sustainable management of these food and agricultural 
systems and the wider landscapes in which they reside.
Although food security is dependent on issues of sus-
tainability, availability, access and utilisation, and not pro-
duction alone, it is evident that a “new agriculture” (Steiner, 
2011) needs to be found to feed the world’s population both 
efficiently and equitably. It needs to produce food where it 
is needed i.e. in areas where agriculture is dominated by 
small farms (e.g. two thirds of African farms are smaller 
than two hectares (Altieri, 2009)) and where negligible 
quantities of external inputs are used (agriculture “organic 
by default”, Bennett and Franzel, 2013). Thus, agroecology 
(i.e. the application of ecological concepts and principles in 
the design of sustainable agricultural systems, Gliessman, 
1997) appears well suited to these geographies. As such, 
the United Nations’ (2011) vision of an “agro-ecological” 
approach that combines biodiversity concerns, along with 
food production demands, provides a more compelling vi-
sion of future food production. 
The integration of biodiversity conservation and ag-
ricultural production goals must be a first step, whether 
through land sharing or land sparing, or a more nuanced, 
yet complex, multi-functional integrated landscape 
approach. However, conservation and restoration in hu-
man dominated ecosystems must strengthen connections 
between agriculture and biodiversity (Novacek and Cle-
land, 2001). In such landscapes, characterised by im-
poverished biodiversity and in particular “defaunated”, 
depopulated of their medium and large size vertebrates 
(Galetti and Dirzo, 2013), agriculture may represent an 
opportunity, and not necessarily a threat, for conservation 
and ecosystem restoration. When native large vertebrates 
are lost, several ecological functions such as the mainte-
nance of habitat heterogeneity, nutrient cycling and seed 
dispersion are impaired (Owen-Smith, 1988; Hansen and 
Galetti, 2009). Domestic livestock may mimic ecosystem 
functions once provided by wild herbivores (Wright et al., 
2012), and restore the ecological integrity of landscape 
mosaics. In extreme cases, domestic livestock has been 
used to restore biodiversity and ecosystem functions of 
landscapes that previously lost large native vertebrates, 
most famously in the Oostvaardersplassen in the Nether-
lands (Vera, 2009). 
Managing landscapes on a multi-functional basis that 
combines food production, biodiversity conservation 
and the maintenance of ecosystem services should be at 
the forefront of efforts to achieve food security (God-
fray, 2011). In order for this to happen, knowledge from 
biodiversity science and agricultural research and develop-
ment need to be integrated through a systems approach at 
a landscape scale. This provides a unique opportunity for 
forestry and agricultural research organisations to coordi-
nate efforts at the conceptual and implementation levels 
to achieve more sustainable agricultural systems. As such, 
a clear programme of work on managing landscapes and 
ecosystems for biodiversity conservation, agriculture, food 
security and nutrition should be central to development aid. 
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6 PUBLIC SECTOR, PRIVATE SECTOR AND SOCIO-CULTURAL RESPONSE OPTIONS
6.1 Introduction
Food security1 has become a matter of global concern, 
in particular since the last food price spikes in 2008 and 
2010 (Beddington et al., 2012). FAO projections suggest 
that food production must rise by 60 percent by 2050 if 
a growing and increasingly more affluent population of 
over 9 billion is to be fed (Alexandratos and Bruinsma, 
2012). At the same time, our environmental footprint 
which is leading to large scale soil degradation, defor-
estation, loss of biodiversity, crop varieties and ecosys-
tem services, must be reduced as our current mode of 
operation is inconsistent with the planet’s long-term pro-
visioning capacity (IAASTD, 2009). All current trajec-
tories imply that humanity is moving farther away from 
safe spaces (Rockström et al., 2009). Climate change is 
further compounding the challenge, for instance by un-
dermining gains in crop productivity through increased 
floods and droughts, but also through longer-term shifts 
in temperature and rainfall distribution (IPCC, 2014; 
Nelson et al., 2010). This highlights the need for more 
sustainable agricultural methods for food production 
while knowledge gaps regarding trade-offs arising from 
competing economic and environmental goals, and key 
biological, biogeochemical and ecological processes 
involved in more sustainable food production systems 
remain (Tilman et al., 2002).
There is now growing recognition for the urgent need 
to act more decisively against these trends (Beddington 
et al., 2012). The revived attention to food security and 
nutrition is already leading to more sustained national 
and international efforts to increase food production and 
productivity, particularly in developing countries. Sev-
eral countries, such as Mexico, India and South Africa 
have enshrined national food security in their constitu-
tions and the United Nations Framework Convention 
on Climate Change is addressing issues related to the 
sustainable management of land through a number of 
frameworks such as REDD+ (Reducing Emissions from 
Deforestation and forest Degradation, conservation and 
sustainable management of forests, and enhancement of 
forest carbon stocks), the Ad-Hoc Durban Platform, and 
technology transfer (Campbell et al., 2014). At the same 
time there is a better understanding that food production 
Abstract: This chapter focuses on political, economic and social response options at national to suprana-
tional scales to drivers of unsustainable management of forests and tree-based landscapes and their effects 
on food security and nutrition. Three different angles are considered: a) policy responses to enhance link-
ages between food security and forests with a focus on setting up the right institutional and governance 
structures and addressing the important issue of forest tenure reform; b) market-based response options 
that focus on global processes for supporting sustainable supply, and innovative corporate and multi-actor 
initiatives to support inclusive value chains of forest and tree products; and c) socio-cultural response 
options to enhance food security where the focus is on: changing urban demand; education to change be-
haviour and improve dietary choices; reducing inequalities and promoting gender-responsive interventions; 
and social mobilisation for food security. 
For the public sector, a central governance issue is how and to what extent policy and regulatory frame-
works help ensure that the most vulnerable groups, in particular the poorest members of society and 
women, have equitable access and rights to food security and nutrition from forests and tree-based sys-
tems. To this end, it is important to include relevant actors, from local communities to government depart-
ments, and initiate tenurial reform, devolution of decision-making to sub-national levels and a strengthening 
of institutional capacity at local levels. 
For the private sector, sustainability standards supported by multi-stakeholder processes, complement 
policy frameworks and offer opportunities for change on the ground, particularly if these can include small-
holders. In addition, pledges by corporate actors to zero deforestation and sustainable supply will likely 
have significant influence in shaping future production practices and business models if they include benefits 
for smallholder rural populations. Co-regulatory approaches that involve both public and private sector 
actors to achieve more inclusive food systems through innovations and greater valuation of local practices, 
management systems and knowledge, may in the future further enhance the governance of food systems.
At the level of social responses, education plays a pivotal role in empowering rural populations and has 
the potential to generate tangible benefits for households and communities in achieving food security and 
nutrition, sustainable forest and landscape management, and improved health. Targeting women and other 
vulnerable groups is particularly important to enable greater inclusiveness in decision-making and benefit 
sharing in forests and tree-based systems. Behavioural change that is often driven by social movements 
toward the consumption of food with lower environmental impact, particularly in growing urban areas, can 
have significant positive impacts on rural populations if the value chains necessary to meet the demand are 
set up to include smallholders and marginalised groups.
1 All terms that are defined in the glossary (Appendix 1), appear for the first time in italics in a chapter.
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must rise while enhancing climate resilience and low-
ering agriculture’s greenhouse gas emissions’ intensity 
(FAO, 2013a). To provide national and international sup-
port to this idea the global Alliance for Climate-Smart 
Agriculture, a voluntary association of national govern-
ments, intergovernmental organisations, development 
banks, private sector, civil society and research organi-
sations, was launched at the United Nations Climate 
Summit in September 2014 (GACSA, 2014). It remains 
to be seen if climate-smart agriculture can deliver on 
the triple win, and this platform for action can indeed 
mobilise the financial, political, social and research re-
sources necessary to significantly influence our current 
trajectories (Neufeldt et al., 2013). 
The growing demand for food, fibre, energy and other 
products from the land often leads to market pressures 
for exploitation that can lead to forest destruction. Per-
verse incentives, for instance subsidies that have been 
set up to address the demand for cheap food without 
considering environmental externalities, may aggravate 
these pressures. These and other drivers affect the con-
tribution of forests and tree-based systems to food secu-
rity and nutrition as many drivers of deforestation and 
forest degradation lie outside the landscapes in which 
they manifest themselves. For example, agriculture is 
believed to be the driver of up to 80 percent of current 
deforestation, which often is resulting from national 
agricultural development policies intended to boost oil 
palm, cattle or soybean production (Kissinger et al., 
2012). While an increase in agricultural productivity 
can potentially reduce the pressure on forests and other 
natural ecosystems, focusing on one outcome at the ex-
pense of others will often lead to sub-optimal results for 
overall sustainability (Sayer et al., 2013). Taking a land-
scape perspective that integrates across agriculture, for-
ests and other land uses rather than considering different 
land use sectors in isolation is increasingly understood 
as crucial to long-term sustainability and food security 
and nutrition (Padoch and Sunderland, 2013; Scherr et 
al., 2012; and see Chapter 5).
This chapter focuses on political, economic and so-
cial response options to drivers at national to suprana-
tional scales that lead to food insecurity and negative 
nutrition outcomes due to the degradation of forests and 
tree-based systems. While they often support the sus-
tainable management of land-based natural resources at 
landscape scales, many of these responses lie outside the 
land sectors altogether. The chapter addresses the topic 
from three different angles: a) policy responses to en-
hance linkages between food security and forests with 
a focus on setting up the right institutional and govern-
ance structures and addressing the important issue of 
forest tenure reform; b) market-based response options 
that focus on global processes for supporting sustain-
able supply, and innovative corporate and multi-actor 
initiatives to support inclusive value chains of forest 
and tree products; and c) socio-cultural response op-
tions to enhance food security where the focus is on: 
changing urban demand; education to change behaviour 
and improve dietary choices; reducing inequalities and 
promoting gender-responsive interventions; and social 
mobilisation for food security. Together, they cover 
a wide range of response options that are available to 
governmental, corporate and social agents. While these 
areas are presented separately here, they are strongly in-
terlinked. For example, market forces require national 
rules and regulations to govern them in ways that are 
consistent with sustainable development goals but also 
social and cultural norms and values, which in turn shape 
the forms that institutions and governance structures 
take. Therefore topics from different sections within the 
chapter frequently touch upon each other. The chapter 
concludes by summarising the different lessons drawn 
from each of the three areas.
6.2 Governance Responses to  
Enhance Linkages between Forests 
and Tree-based Systems and Food 
Security and Nutrition
6.2.1 Introduction
Given the diverse roles of forests and tree-based sys-
tems for food security and nutrition (see Chapter 2), 
governance responses need to be understood in the wid-
est sense. In this section, we discuss three governance 
response options: forest tenure reforms, decentralisation 
and market regulation. This is followed by a review of 
lessons on catalysing governance reform drawn broadly 
from the field of innovation studies and governance re-
form experiences (see Figure 6.1). 
Forest governance has historically been a highly con-
tested field, often very different from the agriculture 
sector which is governed in a more decentralised way 
(Colfer, 2013). While the forest sector is conventionally 
governed either for biodiversity conservation or timber 
production (Kennedy et al., 2001), a shifting emphasis 
on non-timber forest products and participatory conser-
vation has given way to more food-friendly forest man-
agement practices (Belcher et al., 2005). A key mani-
festation of these shifts is rising concerns for food and 
nutritional security, highlighting the need for more pro-
active measures to reorient forest governance to address 
these livelihood priorities (Sunderland et al., 2013).
6.2.2 Reforms Related to Tenure  
and Resource Rights
Who controls forests significantly determines what they 
are managed for and who benefits from them, both out-
comes having profound implications for food security. 
For example, globally an estimated 13 percent of all for-
ests are officially protected for conservation values (FAO, 
2010), but nearly half of these legally protected areas are 
heavily used (usually illegally) for agriculture and forest 
product extraction (Scherr et al., 2004). Forest tenure is 
also linked to land use policy that shapes how benefits 
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can be optimised at the level of land use. Such land own-
ership issues have gained prominence in the past two 
decades, resonating Sen’s argument that “entitlement” is 
more critical than production in reducing hunger at the 
global scale (Sen, 1999). Over the past three decades, 
forest tenure reforms have seen major strides globally, as 
manifested in increased recognition of the rights of lo-
cal communities and/or local governments. Such reforms 
range from the titling of land parcels to indigenous com-
munities to sharing timber revenues (Larson et al., 2010). 
At least five forms of tenurial reform can be identified: 
a) state-community collaborative or joint management, 
empowering communities to secure their livelihood inter-
ests, including meeting their food and nutrition needs, in 
forest management plans (Sundar, 2000; Bampton et al., 
2007); b) formal community rights supported by concur-
rent reforms in state institutions (Bray and Merino-Pérez, 
2002); c) national laws granting rights to communities for 
forest management, but still focusing narrowly on sub-
sistence use, as in the case of Nepal (Sunam et al., 2013); 
d) pro-poor forest tenure reforms (leasehold forestry) 
allowing poor households to grow annual and perennial 
crops (Thoms et al., 2006); and e) institutional arrange-
ments for enhancing the access of indigenous people to 
land resources (e.g. indigenous forest rights in Mexico 
(Toledo et al., 2003)). 
However, tenure reforms are frequently insufficient 
to secure livelihood benefits, including food security. 
As Larson et al. (2010) argue, “new statutory rights do 
not automatically result in rights in practice, however, 
nor do local rights necessarily lead to improvements in 
livelihoods or forest condition”. This can be seen for ex-
ample in Nepal despite the country having granted clear 
legislative rights to communities (Ojha et al., 2014; Su-
nam et al., 2013). A wave of recentralisation is reported 
from cases elsewhere in the world (Ribot et al., 2006). 
Even in areas with significant formal devolution of forest 
authority, many communities have limited rights in prac-
tice (Larson et al., 2010). 
Recognising the issue of intra-community equity, pro-
poor tenure reforms have been initiated within communi-
ty-based forest management, with explicit rights to grow 
food and cash crops in forest areas granted to the poorest 
members of society (Bhattarai et al., 2007). Neverthe-
less, even in countries promoting participatory or com-
munity-based forest management, many policy responses 
and forest laws intended to support smallholders and the 
poorest of society still contain restrictive provisions. As 
such they fail to authorise food cultivation or other means 
of enhancing food benefits from forests by smallholders, 
as is the case for example with India’s Forest Right Act. 
Equally, in Nepal, where community forestry has come 
of age, with the establishment of successful local institu-
tions, several forest ecosystem services are not yet de-
fined in the tenure policy, thus creating a sense of tenurial 
insecurity (Sharma and Ojha, 2013). 
Overall, forest tenure reform has emerged as an im-
portant governance response in relation to linking for-
est management with food security, despite varied and 
diverse experiences across the globe. The challenge is 
often that, even when tenure is redefined, a supportive 
institutional system – including capacity and political 
will – to translate the reform into practice remains absent. 
More attention is thus needed to how local innovations in 
resource access and control are linked effectively to an 
enabling policy and institutional environment. 
Governance responses linking forests and tree-based systems  
with food security and nutrition
Figure
6.1
Forests and tree-
based system
Food security
and nutrition
Governance instruments
■	Tenure reform
■	Decentralisation and 
participatory resource 
management
■	Regulating markets
■	Equitable access  
to knowledge
Catalysing reform
■	Adaptive governance  
and innovation pathways
■	Cross-scale linkages
■	Multiple planning  
horizons
■	Engaged research  
practice
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6.2.3 Decentralisation and Community  
Participation in Forest Management
Another important forest governance response with 
profound implications on food security is decentrali-
sation of authority (Colfer and Capistrano, 2004). 
While tenure reforms seek to transfer resource rights, 
decentralisation has involved much broader processes 
including institutional reform, power sharing and ac-
countability. Indeed, the past three decades have seen a 
tidal wave of decentralisation in developing and tran-
sitional economies driven by diverse forces: loss of 
legitimacy of the centralised state (Bardhan, 2002), de-
mands for a greater role of the market and for deregu-
lation (Mohan, 1996), escalating concerns for poverty 
reduction (Crook, 2003), environmental conservation 
(Agrawal, 2001) and heightened demands for citizen 
participation in governance (Ribot, 2003; Ribot, 2007; 
Fung and Wright, 2001). Decentralisation endeavours 
entail a varying mix of activities aimed at empowering 
either communities of citizens, elected local govern-
ment bodies, or other forms of quasi-political and ad-
ministrative institutions, and involve political, admin-
istrative and fiscal measures depending on the context. 
Further, decentralisation responses are linked to a vari-
ety of ideas that have influenced governance practices 
such as deliberation (Dryzek, 2010), interactive gov-
ernance (Kooiman et al., 2008), empowered participa-
tion (Fung and Wright, 2001), as well as representation 
and multi-stakeholder involvement (Hemmati, 2002; 
Vallejo and Hauselmann, 2004). 
Although practices vary, the idea underlying decen-
tralisation is to engage local actors in decision-making 
through locally-elected authorities to ensure account-
able governance. In the forest sector, three forms of 
decentralisation have been found: transfer of rights to 
locally-elected government (democratic decentralisa-
tion), transfer of power to local offices of the national 
government (“deconcentration”, as seen in Senegal for 
example (Ribot, 2006)), and transfer of rights to local 
communities (devolution, as seen in Nepal (Pokharel 
et al., 2008)). 
However, there is no consensus that decentralisa-
tion leads to better outcomes in terms of local liveli-
hood impacts and environmental sustainability. Ques-
tions of accountability and legitimacy in the exercise 
of power have become more critical than in the past 
(Lund, 2006; Mwangi and Wardell, 2012), challenging 
conventional forest governance authorities. Policies of 
decentralisation, while intended to “include” commu-
nities in multi-level participation, are often distorted 
in practice (Ribot et al., 2006; Head, 2007). Problems 
of participatory exclusion persist even in pro-poor en-
vironment and development programmes (Agarwal, 
2001), and development practice continues to remain 
separated from politics (Hickey and Mohan, 2005). 
Despite Ostrom’s seminal work refuting Hardin’s 
“tragedy of the commons” (Ostrom, 1990) and pro-
moting the evolution of common property institutions, 
community action has tended to be smaller in scale, 
involving face-to-face channels of communication and 
coordination in practice. Such small-scale approaches 
are perceived to provide easier solutions for countries 
with weak and unaccountable governments (Blaikie, 
2006). The limits of small-scale, community-based 
approaches to decentralisation have manifested them-
selves in various forms. Field experiences demonstrate 
that beyond a certain point, community effectiveness 
cannot improve unless supported by larger systems 
of local governance (Ojha, 2014). Communities may 
not necessarily be inclusive and accountable internally 
(Benjamin, 2008; Blaikie, 2006). In Nepal, the suc-
cessful development of community forestry systems 
is meeting challenges of internal exclusion, market 
manipulation, elite domination and timber smuggling 
– issues that cannot be left entirely to community-
level decision-makers (Mohan and Stokke, 2000). In 
India, the Forest Rights Act aimed to empower local 
forest-dependent people, but it was not effectively im-
plemented due to inadequate local capacity (Springate-
Baginski et al., 2013). In the Philippines, national pol-
icy entrusts local communities with rights to manage 
forests, but actual implementation has remained inef-
fective due to bureaucracy (Pulhin et al., 2007; Dahal 
and Capistrano, 2006). 
Decentralisation responses should also be seen in 
the context of the growing consensus that forest gov-
ernance has become a multi-level process (Mwangi and 
Wardell, 2012; Ojha, 2014). A multi-scale approach to 
governance may help to enhance food security by over-
coming policy barriers and ensuring policy coherence 
from production to consumption, to eliminate poor 
policies (e.g. distorting trade) and to put in place posi-
tive ones (e.g. overcoming food waste) (Brooks, 2014). 
Decentralisation and community participation re-
main important tools of forest governance reform to 
contribute to food security by: a) fostering local level 
decision-making and land use planning; b) resolv-
ing conflicts among different types of forest users; c) 
forging an effective interface between local knowl-
edge and science; and d) enhancing the sustainability 
of innovation processes. These are linked to inclusive, 
accountable and transparent decision-making and eq-
uitable benefit sharing arrangements at the local level. 
In particular, evidence suggests that women’s presence 
in decision-making has helped to improve forest con-
servation outcomes (Agarwal, 2009). Wider decentral-
ised responses are important to address intra-commu-
nity heterogeneity and equity issues, as people who 
depend on forests for their livelihoods and for food are 
also the ones who suffer the problems of inequity and 
injustice most (Mahanty et al., 2006). This is particu-
larly critical in view of the findings that despite sig-
nificant rights offered to local communities across the 
globe, inclusion remains elusive (Agrawal and Ribot, 
1999). It is thus important to enhance decentralisation 
in such a way that it has equitable impacts on the com-
munity, while making sure that there is a concurrent 
reform in governance at multiple scales to support de-
centralisation. 
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6.2.4 Regulating Markets
Resource tenure reform is not enough to gain benefits 
from the market, as illustrated by the case of Mexican 
forestry wherein 80 percent of forest is owned by com-
munities while they possess only five percent of total 
processing capacity (Scherr et al., 2004). As Scherr et 
al. (2004) argue, there is a need to “re-think the potential 
contributions of small-scale forest producers to com-
mercial production and conservation goals, and ensure 
that a much higher share of the profits needs to go to 
local people rather than central governments or private 
interests”. Stringent regulatory reforms are needed on 
the sale of forest products from production systems 
managed by local communities, local governments or 
state-community partnerships, such that significant in-
comes can reach poor rural households (Grieg-Gran et 
al., 2005). Even when communities are given rights to 
market forest products, the poor are not likely to ben-
efit without regulatory arrangements to mandate com-
munity groups to spend the money for the benefit of 
the poor (Iversen et al., 2006). In Nepal’s community 
forestry for example, a government directive requires 
community forestry groups to spend at least 35 percent 
of community revenue in projects directly related to the 
livelihoods of the poor (Nepal DoF, 2009).
As the markets for environmental goods and services 
increase globally, benefit sharing has become a crucial 
question for communities, generating a wide-range of 
policy and practical responses (Antinori and Bray, 2005; 
Pandit et al., 2009). At stake are the crucial questions of 
whether and how communities interact and negotiate with 
market players, and what agency they wield in these rela-
tionships of economic exchange and sometimes political 
contestations (Pacheco and Paudel, 2010). Studies in for-
est markets show that communities can benefit only when 
they have capabilities, necessary support services and 
suitable regulatory arrangements in their favour (Pacheco 
and Paudel, 2010). A recent review and analysis has iden-
tified several regulatory and governance constraints that 
prevent communities from benefitting from the market-
ing of forest products (Box 6.1). 
Small-scale producers flourish primarily where there 
are fewer regulations and subsidies to large industry, and 
where there are secure forest rights (Scherr et al., 2004). 
For them, appropriate market regulations include: a) low 
regulatory costs of market entry (e.g. no registration 
fees, low cost management plans, no bribes required); 
b) no producer / consumer subsidies (and hence greater 
competitiveness for small-scale producers); c) a low-
cost regulatory environment (e.g. few permits required); 
and d) secure local rights for forest products and envi-
ronmental services (Scherr et al., 2004). These factors 
are critical in enhancing the commercial use of forest 
resources for local livelihoods even in situations where 
formal resource tenure exists. 
In recent years, non-state market regulatory arrange-
ments have also emerged such as certification mecha-
nisms (Cashore, 2002; Durst et al., 2006) and payments 
for environmental services (PES) (also see Section 6.3). 
Certification chiefly consists in harnessing demand 
for sustainably-harvested products (including timber 
and food). In recent years, within both state and non-
state frameworks, a policy agenda to support PES has 
emerged (Wunder et al., 2008) but challenges persist in 
relation to monitoring and verification. Concerns have 
also surfaced about ensuring the control of smallhold-
ers on genetic resources while encouraging the private 
sector to deliver improved seeds and technologies. The 
concern that markets do not favour the poor has inspired 
a series of instruments such as safeguards and free, prior, 
informed consent of indigenous peoples in commercial 
projects (Pimbert, 2012). 
Interactions with the market are now inevitable for 
improving rural livelihoods, and the agenda of enhanc-
ing food security from forest cannot ignore this. It is also 
clear that “laissez faire” approaches to market develop-
ment neither ensure equitable access, nor are likely to 
create sufficient conditions for the sustainable manage-
ment of resources. Hence, regulated markets are an im-
portant governance response where a number of issues 
such as capacity, equity, marketability, fund management 
and planning, decision-making and others are directly 
regulated through different forms of governance instru-
ments, while also ensuring ample entrepreneurial free-
dom and incentives. 
Regulatory constraints to  
community benefits from  
marketing of forest products 
■ Tenure rights of local and  
indigenous people remain weak 
■	 Use rights frequently limit harvested  
products to those for subsistence use 
■	 Decisions to harvest products commercially  
are limited by stringent requirements 
■	 Inhibitive regulatory requirements for  
non-forest sectors (such as transport) 
■	 Policies tend to favour industrial scale logging  
over community scale operations 
■	 Onerous taxes and fees for forest products  
at various stages of the value chain
■	 Requirement for special permits to  
harvest forest products 
■	 Requirement for special permits to  
transport goods to market 
■	 Weak governance often leads to lack  
of transparency along the value chain 
■	 Uncertainty about how to address  
legal issues including taxation
■	 Resistance by government officials  
to relinquish control over forests
■	 Government officials’ demands for  
unofficial incentives to provide permits 
Source: (Gilmour, 2011)
Box
6.1
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6.2.5 Catalysing Governance Reform
In effecting the required change in policy and practice, 
quite often the issue is more about how a particular pro-
cess of change emerges or is catalysed by some champions 
of change, triggered by particular sets of drivers, and sus-
tained by an effective interplay between science and policy 
deliberations. Scholars and practitioners have considered 
catalysing changes in governance in the fields of forest-
ry, environment and development in a variety of ways, as 
shown by a review of approaches (see Box 6.2).
In more practical terms, we identify the following 
strategies to catalyse forest governance reforms so as to 
enhance food security outcomes: 
a) Reframing the facilitative regime. Learning and inno-
vation can be seen as the property of a system to self-
organise and evolve, but this can be catalysed much 
faster and with much better results, in terms of fairness 
and equity through appropriate mechanisms to inform, 
support, nurture, enable, capacitate and strengthen rele-
vant groups and organisations involved in innovation de-
velopment. Such facilitative arrangements are particu-
larly crucial in the forestry sector in which governance 
has historically been organised around a “command and 
control” model. Even decentralised systems of forest 
governance face recentralisation threats (Ribot, 2006; 
Sunam et al., 2013). Options for forest governance to 
be more food-friendly include for example establishing 
demonstration landscape sites, creating incentives and 
offering subsidies for provisioning services. 
b) Conceptualising cross-scale linking. Cross-scale link-
ages involve a diversity of transactions or interactions, 
and require building coalitions that go beyond tech-
nological innovations (Biggs and Smith, 2003). Such 
cross-scale forums can be harnessed for their potential 
to generate innovation, enable negotiations, manage 
conflicts etc. This means for example, inviting forest 
and food actors together along with farmers and public 
officials to open up informal spaces to explore and ne-
gotiate opportunities to enhance forest-food linkages. 
The Rights and Resources Initiative (RRI), a research-
policy group working on forest rights globally, also 
promotes such policy fora at national, regional and 
global levels (RRI, 2014). 
c) Adopting multiple planning horizons. Conceiving, 
facilitating and supporting multiple and overlapping 
planning processes, including forests, landscapes, and 
subnational and national levels, can help to facilitate 
change simultaneously at different temporal and spa-
tial scales (Biggs and Smith, 2003). For example, a 
community forest user group can focus on a 3-5 year 
planning cycle, while district or landscape level plans 
traditionally require more time. Similarly, monitoring 
systems can also be tailored to the needs of decision-
makers at different scales of governance, without over-
burdening local households and communities to gather 
information that is not immediately relevant to them. 
d) Cultivating local champions of change. Many success 
stories in forest governance – and more generally in 
environment and development – around the world 
are linked to the strong role of a few passionately 
engaged agents of change. Identifying and nurturing 
such champions can be part of the broader strategy of 
reaching transformative change in forest governance 
for food security (World Bank, 2003). 
Approaches to catalyse changes in governance 
■	 Innovation system approach (Hall, 2002) emphasises linking research, practice, policy together as  
essential for improving systems and practices. The approach emerged with industrial innovations in the West,  
followed by agricultural extension in the developing world, such as in India. 
■	 Social learning approaches (Schusler et al., 2003) emphasise open communication, engagement and co-learning 
as necessary for changing systems. Examples can be found across both Western and developing countries.
■	 Participatory research (Pretty, 1995) holds that research can make a difference when conducted in close  
engagement with the subjects or local communities. This is applied widely in agriculture and natural resource  
management in the developing world. 
■	 Critical action research (Ojha, 2013) emphasises the role of locally-engaged researchers in catalysing change 
by acting at different levels to generate alternative and critical knowledge. Examples can be found in developing 
countries – mainly in South America and South Asia.
■	 Knowledge brokering (Meyer, 2010) and using research as capacity building (Hall et al., 2003) are also emerging 
tools of innovation. Here, the role of new and hybrid actors as knowledge brokers is important in linking policy, 
practice and research groups. This idea has emerged in both the West and in the South. 
■	 Transformative innovation “needs to give far greater recognition and power to grassroots innovation actors 
and processes, involving them within an inclusive, multi-scale innovation politics” (Leach et al., 2012). 
■	 Participatory technology development (Schot, 2001) emphasises that technology and institutions co-evolve over time. 
■	 Adaptive collaborative approaches (Colfer, 2005; Ojha and Hall, 2012) emphasise that management actions are 
experiments for learning and conflict management, as problem systems are always emergent and dynamic. Evidence 
is generated from across Asia, Africa and South America. 
Box
6.2
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6.3 Private Sector-driven Initiatives 
for Enhancing Governance in  
Food Systems
6.3.1 Introduction
The global food system is undergoing important changes 
which are associated with a reorganisation of value chains 
that are becoming increasingly global, the adoption of im-
proved policy frameworks aimed at regulating food pro-
duction and markets, and the emergence of private sector-
driven initiatives to promote the adoption of sustainable 
practices in the supply of agricultural commodities (e.g. 
grains, palm oil, beef). The food system is characterised 
by increased vertical integration from the local to the 
global level and the development of large and complex 
value chains. The architecture underpinning the global 
food system is growing in complexity with an increas-
ing role of the private sector, mainly large-scale corporate 
and transnational groups, in organising value chains, as 
well as multi-stakeholder processes with an active role of 
civil society groups influencing the governance of value 
chains at different levels (Margulis, 2013).
With growing foreign investment not only in process-
ing but in upstream production, global value chains are 
speeding up concentration and technological change. This 
is stimulated by global traders and transnational compa-
nies that are seeking to enhance their economies of scale 
in both supply and marketing, which ultimately tends to 
displace local farmers who are integrated into more tra-
ditional food production systems (Page, 2013). Retail-
ers and supermarkets also tend to impose higher quality 
standards to suppliers in order to meet more demanding 
consumption patterns, mainly in urban markets (Reardon 
et al., 2003). Nonetheless, in spite of growing intercon-
nections between rural economies and urban markets, 
several market failures and asymmetries persist. These 
failures often lead to undesired environmental and social 
outcomes. Main environmental impacts relate to deforest-
ation, soil erosion and water pollution, while social ones 
are the exclusion of traditional farmers from the value 
chains due to their more limited capacities to compete – 
in terms of costs and quality – in more demanding mar-
kets leading to unequal distribution of economic benefits 
from food markets (United Nations, 2014). 
This section examines the main institutional initia-
tives aimed at building a more sustainable and inclusive 
State and non-state instruments shaping food systems
Figure
6.2
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food supply, with a focus on those driven by the private 
sector that is expanding its influence in the governance 
of value chains as part of new modes of governance that 
increasingly adopt the form of “hybrid” institutional ar-
rangements in which state regulations and market-based 
mechanisms interact (Djama, 2011; Marsden et al., 
2009). It includes an overview of the main challenges to 
achieve sustainability and inclusiveness in the global food 
systems, as well as the scale, scope and potential of dif-
ferent governance instruments that are in place. Some of 
the main global processes that are emerging in order to 
support sustainable supply are examined. An overview is 
included of corporate sector initiatives and commitments 
towards sustainable supply while reducing deforestation 
and protecting local people’s rights, including “hybrid” 
models where both the public and private sectors collabo-
rate to build sustainable value chains.
6.3.2 The Challenges of Sustainability and 
Inclusiveness in Food Supply
Our analysis focuses on the mechanisms, initiatives and 
processes, located at different levels and driven by non-
state actors that are aimed at promoting sustainable food 
supply. Particular emphasis is given to large-scale inves-
tors and initiatives related to the corporate sector. Figure 
6.2 shows the main mechanisms and processes in the in-
stitutional architecture that shape sustainable food supply, 
with a focus on agro-industrial value chains. This diagram 
is not exhaustive. It shows some of the main initiatives 
undertaken at the global level, supported by company as-
sociations such as codes of conduct, and multilateral or-
ganisations such as guidelines for responsible investment 
and land governance. It also refers to labelling and certifi-
cation associated with specific production standards and 
third-party certification to promote the adoption by com-
panies, on a voluntary basis, of standards for sustainable 
crop production, and other social safeguards. In addition, 
there are emerging corporate initiatives expressed in the 
form of commitments to adopt deforestation-free sup-
ply chains. Combinations of these different mechanisms 
with specific state public policy lead to so-called “hybrid 
mechanisms” which can take different forms in practice. 
The most relevant instruments adopted to enhance pri-
vate sector performance in food supply comprise respon-
sible investment instruments, codes of conduct, sustain-
ability standards, and certification and labelling (Candel, 
2014). Some of these measures focus on finance and 
investments, while others concentrate on the production 
and trade realms (van Gelder and Kouwenhoven, 2011). 
Incentives for adoption are related to managing social 
risks by reducing civil society pressure and improving re-
lations with communities, as well as reducing the impli-
cations that reputational risk can have on financial risks 
for company operations (Campbell, 2007). In other cases, 
adopting codes of conduct, sustainability standards and 
certification schemes may enable access to more discern-
ing and specialised markets as well as optimising harvest-
ing and production processes (Page, 2013). While these 
instruments provide little scope for public actors’ partici-
pation in their design, the implementation phase provides 
more opportunities for achieving synergies and comple-
mentarities among different actors (Pacheco et al., 2011).
6.3.3 Global Initiatives to Support  
Sustainable Finance and Supply
Different mechanisms and instruments have emerged in 
order to create the conditions and mechanisms for up-
stream producers and downstream processors to target 
markets which demand goods that are produced in sustain-
able ways. The most relevant initiatives are instruments 
promoting responsible finance and large-scale investment 
developed by multilateral organisations (e.g. the Interna-
tional Finance Corporation – IFC) and multi-stakeholder 
processes such as roundtables for certification and trace-
ability of commodity supply. These instruments are ex-
plained in more detail below, with a particular focus on 
what are the distinctive features that make them innova-
tive. While the levels of adoption of these instruments are 
limited, they tend to expand slowly over time.
Initiatives and processes to promote  
responsible finance
The most important and well-known collective responsi-
bility investment policy is the Equator Principles (EP), 
which is a financial industry benchmark for determin-
ing, assessing and managing social and environmental 
risk in project financing (Equator Principles, 2014). By 
2014, 80 financial institutions had adopted the EP (Equa-
tor Principles, 2014). Signatories of the EP commit to 
adhere to the environmental and social guidelines (Per-
formance Standards) of the IFC when providing project 
finance or related advisory services for projects costing 
USD 10 million or more. The Performance Standards of 
the IFC address a wide range of social and environmen-
tal risks, such as protection of human rights, protection 
and conservation of biodiversity, use and management of 
Processing shea butter (Vittelaria paradoxa), Labé, Guinea.
Photo © Terry Sunderland
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dangerous substances, impacts on affected communities 
and indigenous peoples, labour rights, pollution preven-
tion and waste minimisation. There is important variation 
in the way in which these principles are implemented. 
In practice, the IFC’s actual policy prescriptions tend to 
vary, such as happened in the palm oil sector (van Gelder 
and Kouwenhoven, 2011). Nonetheless, knowledge of 
the deficiencies in following IFC standards led the World 
Bank to revisit its strategy for engagement in the palm oil 
sector in 2011 (World Bank, 2011).
Initiatives shaping large-scale investments 
Large-scale foreign direct investments (FDI) in land ac-
quisition have expanded in developing countries, mainly 
in sub-Saharan Africa, with negative impacts on local 
livelihoods (Cotula et al., 2011; Deininger, 2011). While 
these investments can contribute to economic develop-
ment in hosting countries, they also take advantage of 
relatively favourable economic and regulatory conditions, 
thus mechanisms are needed in order to maximise their 
benefits while minimising their adverse social and envi-
ronmental impacts (Haberli and Smith, 2014). Several in-
ternational initiatives, including statements of principles 
and voluntary codes of conduct, have emerged in response 
to the need for transparency, sustainability, involvement 
of local stakeholders and recognition of their interests, 
emphasising concerns about deforestation, domestic food 
security and rural development (Hallam, 2011). 
Among these initiatives the three most relevant ones 
are all led by international organisations. There is a first 
draft for negotiation of the World Committee on Food 
Security (CFS) associated with the “Principles for Re-
sponsible Agricultural Investment” (CFS-RAI Principles) 
(CFS, 2014). Two other initiatives include the FAO-led 
“Voluntary Guidelines on the Responsible Governance 
of Tenure of Land, Fisheries and Forests in the Context 
of National Food Security” endorsed by the CFS in 2012 
(CFS-FAO, 2012), 2), and the OECD’s “Guidelines for 
Multinational Enterprises” (OECD, 2008). In addition to 
those mentioned above, some human rights commitments 
have been included in the voluntary guidelines on the 
right to food (FAO, 2004). These different principles and 
guidelines are all so-called soft law instruments and thus 
not legally binding. The first two address adverse effects 
associated with agri-FDI, while the others seek to prevent 
human rights violations by investors.
Certification schemes and voluntary  
sustainability standards
Voluntary sustainability standards provide assurance that a 
project, process or service conforms to a set of criteria de-
fining good social and environmental practices. Specific 
schemes cover production (e.g. organic certification), the 
relations between chain actors (e.g. Fairtrade), and some 
cover both production and chain relations (e.g. the Forest 
Stewardship Council – FSC) (van Dam et al., 2008). In 
some cases, downstream supply chain actors (e.g. retail-
ers, processors) impose standards on their suppliers as a 
way to inform consumers of their commitment to envi-
ronmental and social objectives. In the case of Fairtrade, 
for example, buyers have sought collaborative business 
relationships with cooperatives in order to increase access 
to high-quality coffee (Raynolds, 2009). In other cases, 
upstream chain actors (e.g. cooperatives and privately-
owned businesses) seek out certification on their own 
for the purposes of obtaining higher prices from the sale 
of their raw material. Non-governmental organisations 
(NGOs) and government agencies often support farmers 
in their efforts to obtain certification under the assumption 
that certification contributes to environmental and social 
goals. In some cases, certification can become a prerequi-
site for producers to access markets (Donovan, 2011). Box 
6.3 examines a case of coffee certification in Nicaragua. 
An interesting case of voluntary sustainability stand-
ards is the so-called commodity roundtables, specifically 
the Roundtable for Sustainable Palm Oil (RSPO) and the 
Roundtable on Responsible Soy (RTRS), as mechanisms 
for certification of supply based on agreed sustainable 
production standards (Schouten and Glasbergen, 2011). 
These roundtables have been established to include dif-
ferent stakeholders along the value chain such as gov-
ernment, NGOs, industry, importers and exporters. The 
process has not been exempt from tensions, particularly 
in the context of building the legitimacy of the certifica-
tion mechanism in the eyes of affected private sector ac-
tors, including industry and traders (WWF, 2010). In the 
case of RSPO, the adoption of sustainability standards by 
company members has been relatively slow, but it tends to 
expand over time. To date, 11.95 million tonnes of palm 
Fairtrade coffee  
certification in Nicaragua
In Nicaragua, researchers have focused consider-
able energy on the issue of access to certified coffee 
markets and related implications for coffee supplies 
and rural development. In the late 1990s, governments 
and donors supported certification in Nicaragua in 
response to the dramatic and sustained reduction in 
price for coffee, with the expectation that access to 
markets for certified coffee would offer economic 
benefits over the short and long term (USAID, 2003; 
Varangis et al., 2003). Considerable investments were 
made by NGOs and donors to build local capacities 
for increasing coffee quality, obtaining certification 
and enhancing smallholder supply capacity. In many 
cases, cooperatives played a critical role in upgrading 
production capacities and in building relations with 
buyers and credit providers. However, in practice the 
results have been mixed. Arguments explaining these 
outcomes have centred on the persistence of low 
yields and relatively high labour requirements (Valkila, 
2009; Barham et al., 2011; Beuchelt and Zeller, 2011), 
declining prices relative to conventional coffee (Weber, 
2011) and the inability of smallholders to intensify 
coffee systems given their livelihood insecurities and 
rising production and household consumption costs 
(Mendez et al. 2010; Wilson, 2010; Donovan and Poole, 
2014). There appears to be a growing consensus that 
smallholders in Nicaragua were probably too poor 
to be able to respond to the demands of buyers and 
certification systems.
Box
6.3
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oil are certified, covering a total of 3.16 million hectares, 
and accounting for 18 percent of total global production 
(RSPO, 2014). Potts et al. (2014) provide a comprehen-
sive review of the status and progress achieved by the im-
plementation of a diverse set of voluntary sustainability 
standards – including FSC, RSPO, Fairtrade, Bonsucro, 
among several others.
6.3.4 Emerging Corporate Sustainability 
Initiatives
The corporate sector has a decisive role in shaping so-
cial and environmental outcomes associated with food 
supply in the context of current, globally-integrated food 
systems (Magdoff et al., 2000). Transnational corpora-
tions are central actors in the development of the global 
food system since they tend to dominate production and 
trade, and constitute important players in the processing, 
distribution and retail sectors (Clapp and Fuchs, 2009). 
Financial institutions and investors are also key actors in 
the food value chains. The most significant initiatives in-
volving these actors are revised below.
Efforts towards the adoption of responsible 
financial investments
The adoption of policies and practices for due diligence, 
mandated and voluntary environmental and social risk 
management, and preferential green investments, such as 
those developed by IFC and a few commercial banks all 
contribute to the adoption of responsible finance. Respon-
sible investment policies need to contain well-defined, 
verifiable criteria – preferably derived from international-
ly-recognised standards – that the financial institution can 
use to evaluate the proposed investment. Many financial 
institutions have set up their own benchmarks that meet 
these criteria, but there are also collective responsible 
investment policies undersigned by a group of financial 
institutions. Over the past ten years, more and more fi-
nancial institutions have developed their own responsible 
investment policies for various sectors and sustainabil-
ity issues (Perez, 2007). Leading this development was 
the World Bank Group. Its private-sector subsidiary, the 
IFC, has over two decades of experience with assessing 
investment proposals against its Performance Standards 
on Environmental and Social Sustainability, which define 
criteria on a broad range of social and environmental is-
sues (IFC, 2012). Some public banks have followed this 
trend such as the Brazilian Development Bank (BNDES) 
that has also adopted similar guidelines (BNDES, 2014). 
As the issues and sectors for which banks have devel-
oped policies or benchmarks vary, the number of banks 
that have developed benchmarks relevant to the agri-
cultural sector is relatively more limited. A BankTrack 
study comprising 49 large international banks indicated 
that 16 institutions had developed a forestry policy and 
nine had developed an agricultural policy (van Gelder et 
al., 2010). This suggests that there is scope for adoption 
of policies by financial institutions that can lead to more 
responsible investments.
Voluntary commitments by the corporate 
sector for sustainable supply
Many corporate groups involved in supply, processing 
and retailing are adopting commitments, some with well-
defined targets, for achieving their projected production 
goals with lower negative social and environmental im-
pacts. On the supply side, these are made by corporate 
groups developing their operations in landscapes where 
there is a high risk of environmental impacts (e.g. peat-
lands in Indonesia, tropical forests in Brazil). On the de-
mand side, these commitments are made by consumer 
goods companies that are well positioned in the markets 
responding to social pressure on corporate social and envi-
ronmental performance (Baron et al., 2009). For example, 
the Consumer Goods Forum (CGF) has adopted a “Global 
Social Compliance Programme” aimed at improving 
social and environmental sustainability in the supply 
chains by harmonising existing efforts (GSCP, 2014).
Specifically, Wilmar International Ltd., the largest 
palm-oil trader, committed in late 2013 to ensure that 
its plantations and suppliers protect certain forests and 
abstain from using fire to clear land, and also banned 
development on high-carbon-stock landscapes includ-
ing peatlands (Wilmar International, 2014). Unilever, 
the second-largest manufacturer of consumer goods, 
also committed in late 2013 to purchasing all palm oil 
from sustainable sources by 2015, and that all palm oil 
would be certified and come from traceable sources 
by 2020 (Unilever, 2014). Some end-user companies 
of palm oil, notably Starbucks agreed in early 2013 to 
source 100 percent of their palm oil from certified sus-
tainable suppliers by 2015, which was a response to a 
shareholder resolution filed by an environmental mu-
tual fund (Starbucks, 2014). Additional commitments 
to source sustainable palm oil have been made by some 
other consumer goods companies such as McDonalds, 
Walmart and Nestlé.
On the supply and processing side, in part as a result 
of the commitments made by consumer goods com-
panies, five of the world’s largest palm oil companies 
(Asian Agri, IOI Corporation Berhad, Kuala Lumpur 
Kepong Berhad, Musim Mas Group and Sime Darby 
Plantation) together with Cargill, subscribed to the 
“Oil Palm Manifesto” in July 2014 (HCSS, 2014). This 
manifesto aims to achieve three specific objectives: 1) 
build traceable and transparent supply chains, 2) im-
plement the conservation of high carbon stock (HCS) 
forests and the protection of peat areas regardless of 
depth, and 3) increase benefit sharing while ensuring a 
positive social impact on people and communities. Fur-
thermore, in September 2014, three companies (Cargill, 
Golden Agri-Resources GAR and Wilmar) subscribed 
to the “Indonesian Palm Oil Pledge” known also as the 
KADIN pledge. These companies commit to achiev-
ing the following: 1) adopt and promote sustainable 
production practices based on acceptable methods of 
classifying HCS forests, and sustainable supply chain 
management and processing, 2) work with the Indone-
sian Chamber of Commerce (KADIN) to engage the 
Government of Indonesia to encourage development of 
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Washing vegetables in the river in Ouagadougou, Burkina Faso. 
Photo © Terry Sunderland
policy frameworks that promote the implementation of 
the pledge, 3) expand the social benefits from palm oil 
production, and 4) improve the competitiveness of In-
donesian palm oil. 
During the UN Climate Summit in New York City, 
held in September 2014, about 150 different govern-
ments, businesses and NGOs joined forces to announce 
“The New York Declaration on Forests” under which 
these different groups committed to cutting forest loss 
in half by 2020, and ending it by 2030. This declaration 
also calls for eliminating forest loss from agricultural 
commodity supply chains by 2020 and restoring at least 
350 million hectares of degraded forestlands by 2030. 
This declaration was signed by some of the major play-
ers of the palm oil industry, including palm oil traders 
(APP, Cargill, GAR and Wilmar) and consumer com-
panies (Kellogg’s, General Mills, Nestlé and Unilever), 
which complements their no-deforestation commit-
ments for palm oil sourcing.
6.3.5 “Hybrid” Models for Sustainable  
and Inclusive Supply
Several initiatives have emerged in both consumer and 
producer countries to promote trade of commodities in 
national and international markets that originate from 
more sustainable sources, or that place reduced impacts 
on local people, which somehow adopt the form of “hy-
brid” models since they tend to articulate public regula-
tions with private standards in different ways. Two such 
experiences are described here. While these experi-
ences are still in their infancy, they may have potential 
to develop into more consolidated initiatives that could 
lead to improved outcomes in both inclusiveness and 
sustainability, which continues to be an elusive goal in 
many cases.
Linking international standards and national 
regulations
In Indonesia, a mandatory government-led standard, la-
belled “Indonesian Sustainable Palm Oil” (ISPO) has been 
issued for the production of palm oil in addition to the 
RSPO, a relatively consolidated voluntary, market-based 
certification system (described above). The main rationale 
for setting up the ISPO is that only large-scale palm oil 
companies are members of RSPO, whereas medium-scale 
companies account for a large share of the palm oil sector 
(Indonesia Ministry of Agriculture, 2012). Furthermore, 
only a small portion of certified palm oil suppliers have 
established markets in developed countries, which tend to 
demand sustainably-produced palm oil, while a significant 
portion of demand lies in less demanding markets, such 
as China and India that received 38 percent of total crude 
palm oil exports in 2013. When including other developing 
countries this segment of the market makes up 70 percent 
of the total (COMTRADE, 2014). The Indonesian govern-
ment has acted carefully with regard to the RSPO (Rayda, 
2012), and after initially joining the organisation, the Indo-
nesian Palm Oil Association (GAPKI) withdrew its mem-
bership in 2011, stating its intention to fully support the re-
cently announced ISPO. The latter is conceived as a way to 
improve the adoption of standards in palm oil in Indonesia 
by complying with existing regulations, which have been 
hard to enforce. This may lead to reducing existing gaps 
in the adoption of good practices in palm oil production.
Linking sustainable value chains to jurisdic-
tional approaches
The “Green Municipalities” is an initiative emerging in the 
state of Pará in the Brazilian Amazon, associated with pub-
lic-private arrangements to improve sustainable supply and 
enhance landscape management, particularly in the cattle 
beef value chains. This initiative has developed as part of 
a broader, relatively complex, institutional arrangement in-
volving the public sector to halt deforestation and promote 
forest regeneration. The arrangements are enforced by the 
federal government with the assistance of environmental 
agencies (IBAMA) and contributions of municipal gov-
ernments. In addition, banks have been mandated by state 
regulations to limit commercial loans to farmers that are 
not able to comply with environmental regulations, and to 
voluntarily subscribe to a Rural Environmental Cadastre 
(Whately and Campanili, 2014). This institutional scheme 
now plays a crucial role in voluntary actions from super-
markets that are mainly located in the highly populated 
urban centres of southern Brazil, which have thus banned 
beef originating from illegally deforested lands in the Ama-
zon (Pacheco and Poccard-Chapuis, 2012). Furthermore, 
as a response to changes in demand, farmers have engaged 
in improving practices of herd and pasture management by 
implementing standards developed by the state research 
agency (EMBRAPA) as a way to intensify cattle produc-
tion and reduce pressures on conversion of forests. How-
ever, these practices are mainly adopted by medium- and 
large-scale cattle beef systems, while smallholders with 
more diversified farming systems face the risk of being left 
behind with limited options.
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Instruments with potential to contribute to sustainable commodity supply
Instrument
Market 
Mechanism
Influence 
on
Incentive Stakeholders
Role of actors in  
instrument design and/or 
implementation
Public Private
Responsible 
investment 
instruments
Anticipated 
benefits as-
sociated with a 
good corporate 
image encour-
ages financiers 
to invest only in 
those corpo-
rate actors 
whose practices 
are considered 
sustainable or 
low-risk
Finance and 
investments
- Reduced  
civil society 
pressure
- Reduced risk 
of investments
- Improved 
public image
- Financiers 
(design and 
application of 
instrument)
- Corporate  
actors (comply-
ing with criteria 
so as to access 
finance)
- Civil society 
(lobbying for 
responsible 
investment 
practices)
- None - Establishing 
criteria
- Application  
of instrument
- Verification  
of compliance
- Implementa-
tion of actions 
to meet 
criteria
Criteria self-
developed by 
corporations 
/ codes of 
conduct
Anticipated 
benefits as-
sociated with a 
good corporate 
image encour-
ages practices 
deemed to be 
environmentally 
and/or socially 
beneficial or 
benign by key 
stakeholders
Production 
and  
processing
- Improved 
relations  
with local  
communities 
- Reduced  
civil society 
pressure 
- Reduced risk 
to operations
- Marketing 
tool
- Affected  
communities
- Civil society 
in developed 
and developing 
countries
- Government 
in developing 
countries
- Shareholders
- None - Establishing 
and  
implementing 
policies
- Voluntary 
reporting to 
shareholders
Sustainability 
standards 
Anticipated 
benefits as-
sociated with a 
good corporate 
image encour-
ages portfolio 
of land uses to 
shift to align 
with standards
Mostly  
production
- Access to cer-
tain markets
- Optimisation 
of production 
processes
- All actors along 
the supply chain
- Definition of 
standards
- Negotiating 
standards
- Sometimes 
driven by 
actors further 
downstream 
Certification 
and labelling
Strict standards 
for access-
ing benefits 
encourages 
portfolio of 
land uses to 
shift to provide 
uses or services 
required by the 
instrument
Production 
and markets
- Access to 
niche markets
- Price  
premium
- All actors along 
the supply chain
- Consumers
- Identification  
of effective 
criteria
- Setting targets
- Independent 
verification
Source: Adapted from Pacheco et al. (2011).
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6.4 Socio-Cultural Response Options
6.4.1 Introduction
Social and socio-cultural response options to enhance 
food security by influencing forest and tree-based sys-
tems are manifold. Addressing social drivers requires 
a more nuanced approach as these drivers are strongly 
influenced by cultural differences and, due to their fre-
quently informal nature, are not always easy to grasp, to 
categorise and to quantify. Macro-scale responses ad-
dressed in this section encompass opportunities and chal-
lenges of changing urban demand, nutrition education 
and behavioural changes, reducing inequalities and pro-
moting gender-responsive interventions and policies, as 
well as social mobilisation for sustainable food security.
6.4.2 Changing Urban Demand
Cities are centres of creativity, power and wealth. Un-
derstanding the dynamics, growth and organisation of 
cities, using a sustainability lens, is important for food 
security and environmental sustainability (Bettencourt, 
2013; Bettencourt et al., 2007). With more than half of the 
world’s population currently living in cities with a contin-
ued rise predicted, securing adequate food supply for city 
dwellers will be even more crucial than it is today. Grow-
ing urbanisation often calls for increased food production 
in surrounding rural areas, but also raises pressures to 
convert agricultural land in the wake of urban develop-
ment. In order to address the complexity of divergent pri-
orities, there is a need for planning alternatives, policies 
and incentives that aim to reconcile growth, management, 
food security and sustainable diets, and the enhancement 
of agriculture (Forster and Escudero, 2014).
Urban consumers are increasingly aware of the fact that 
modern agriculture can have negative environmental exter-
nalities, for example through the use of agricultural bioc-
ides and synthetic fertilisers and the concentration on few 
crop varieties (Badgley and Perfecto, 2007). These have led 
to eutrophication of aquifers, soil degradation, loss of bio-
diversity or reduction of genetic diversity, among others, 
and highlight the need for more sustainable agricultural 
methods for food production. However, knowledge gaps 
regarding trade-offs arising from competing economic and 
environmental goals, and key biological, biogeochemical 
and ecological processes involved in more sustainable food 
production systems remain (Tilman et al., 2002).
These negative environmental externalities have prompt-
ed environmentalists and others to support more sustainable 
methods of food production and to advocate for a shift in 
dietary choices (Halberg et al., 2005). In Western countries, 
advocacy for organic agriculture and vegetarianism are two 
of the most prominent responses to such criticism.
Organic agriculture has gained recognition as having 
an important potential to help feed the world and restore 
biodiversity and landscape richness at the same time 
(Badgley and Perfecto, 2007; Fuller et al., 2005). Health, 
ecology, care and fairness principles form the core of the 
organic agriculture vision, all working towards support-
ing the health and integrity of ecological systems and cy-
cles in a sustainable manner (IFOAM, 2005). Similarly, 
urban (relatively wealthy) consumers actively seek and 
pay more for food labelled or certified as “environmen-
tally-friendly” or “pesticide free”, characteristics that at-
tract them to organic foods (Dimitri and Greene, 2002). 
Today, organic farming is practised in 162 countries, and 
organic food and drink sales worldwide reached almost 
USD 63 billion in 2011 (Soil Association, 2014). This has 
been achieved through a change in perceptions of natural 
food from being a prerogative for alternative lifestyles to 
what is consensually understood as being healthy. Where-
as in 1997 organically produced food was primarily sold 
in natural food stores, almost half of it was purchased in 
chain supermarkets in 2008. At the same time, the num-
ber of farmers’ markets, where organic farmers sell their 
products directly to end-users quadrupled from less than 
2,000 in 1994 to more than 8,000 in 2013 (Alkon, 2014).
The second shift in urban demand that we address here 
concerns meat-free food choices. While full or partial veg-
etarianism is part of the history and culture of many peo-
ple in the world, most vegetarians in Western societies are 
not life-long practitioners but converts (Beardsworth and 
Keil, 1992). European and North American campaigns 
promoting a shift from meat consumption to vegetarian di-
ets are nowadays often associated with a desire to reduce 
the ecological footprint of food production. For example, 
feed grains given to animals for human consumption in ur-
ban areas contribute largely to the overall urban footprint, 
and the corresponding intensive livestock systems are of-
ten blamed for forest loss, reduced water quality and dis-
eases (Forster and Escudero, 2014). Furthermore, through 
feed, enteric fermentation manure management and post-
production processes, livestock production is among the 
largest emitters of greenhouse gases in agriculture (Smith 
et al., 2014). Modelling results suggest that dietary shifts 
to lower meat consumption and a healthy diet could result 
in agricultural emission reductions of 34 to 64 percent by 
2050 (Stehfest et al., 2009). 
A homestead lunch, Cat Ba, Vietnam. Everything on the table is 
sourced from the forest, farm or nearby water courses.
Photo © Terry Sunderland
143
6 PUBLIC SECTOR, PRIVATE SECTOR AND SOCIO-CULTURAL RESPONSE OPTIONS 6 PUBLIC SECTOR, PRIVATE SECTOR AND SOCIO-CULTURAL RESPONSE OPTIONS
Both vegetarianism and organic food production are 
conducive to improving the livelihoods of rural popula-
tions. Many of the products that can supplement basic 
staple foods and substitute meat are grown on trees (Jam-
nadass et al., 2013) providing significant opportunities 
for agroforestry systems if appropriate value chains are 
established (see Section 6.3). The lower demand for land 
to feed livestock can also contribute to reduced deforesta-
tion (Smith et al., 2014). However, in spite of an increase 
in vegetarianism and the perception that sustainable 
forms of agricultural production are needed, and despite 
widespread knowledge of the adverse effects of excessive 
meat consumption (Bender, 1992), meat, dairy and poul-
try consumption continues to rise with growing affluence 
(Alexandratos and Bruinsma, 2012), in turn aggravat-
ing the environmental impacts associated with livestock 
production (Westhoek et al., 2014). Asia, in particular, is 
among the regions with the highest increase in meat con-
sumption and requires heavy investments in education to 
change behaviours and improve dietary choices.
6.4.3 Behaviour Change and Education to 
Improve Dietary Choices 
Dietary choices depend on access, availability and af-
fordability (Dibsdall et al., 2002) but also socio-cultural 
and environmental factors (Sobal et al., 2014; Kuhn-
lein and Receveur, 1996; Fischler, 1988). Even small 
changes in access or prices can have significant impacts 
on diets (Glanz et al., 2005; Story et al., 2008). While 
reformed political and market frameworks can enhance 
access to food and stabilise its prices, malnutrition also 
needs to be addressed on an interpersonal level. Better 
knowledge about healthy diets through nutrition educa-
tion can therefore play an important role (FAO, 1997; 
Jamnadass et al., 2011). A revalorisation of knowledge 
on the origins and properties of food items and effects 
of these food items on human health can potentially lead 
to increased interest in traditional ecological knowledge 
about forest and tree foods. Such interest can be an im-
portant counter-movement to the rapidly progressing 
loss of traditional and indigenous knowledge, widely at-
tributed to social change and modernisation (Keller et 
al., 2006; Lykke et al., 2002; Ogoye-Ndegwa and Aa-
gaard-Hansen, 2003; also see Chapter 3). 
Nutrition and health education in its broadest sense 
has three components: providing information through 
communication strategies (e.g. information campaigns, 
dietary advice in health service settings), providing 
skills that enable consumers to act on the information 
provided (e.g. meat preparation, food preservation) and 
providing an enabling food environment (e.g. marketing 
to children, making different foods available) (Hawkes, 
2013). Nutrition and health education can translate 
greater food availability at the household level into 
healthier diets by targeting women, men and children in 
the households with tailored messages about improved 
food choices (McCullough et al., 2004), for example, 
through optimal feeding and care practices for infants, 
young children and women of reproductive age. In terms 
of agroforestry and food security, there is, for example, 
a need to understand how best to educate consumers 
on the benefits of eating fruits, many of which are tree 
products (Jamnadass et al., 2013).
There are numerous examples documenting success-
ful nutrition education campaigns. A particular nutrition 
education programme in Thailand’s Kanchanaburi Prov-
ince, for instance, considers children as effective agents 
of change in societies and therefore, teaching them about 
agriculture and nutrition is seen to be a wise investment 
(Jamnadass et al., 2011; Sherman, 2003). In this example, 
education for sustainable development involved teaching 
school children how to sustainably harvest forest foods, 
how to plant, cultivate and harvest their local traditional 
agricultural crops in village areas, and prepare healthy 
meals for their families. By targeting children from a 
young age, foundations for behavioural changes in entire 
communities are laid (Burlingame and Dernini, 2012). 
Numerous forest conservation programmes also attempt 
to introduce agroforestry practices and integrate dietary 
concerns in their environmental conservation efforts. In 
the Kenyan Mau Forest, for instance, a number of con-
servation projects promote the establishment of school 
gardens, planting of fruit trees and integrated agroforest-
ry practices alongside conventional tree planting drives 
(NECOFA, 2013). Nutrition education has also gained 
momentum in education systems of developed coun-
tries, mainly through practical application of knowledge 
in school gardens, cooking classes and sometimes spe-
cialised students’ clubs (Alkon, 2014). In the USA and 
other developed countries, apart from rising awareness 
of malnutrition and hunger, nutrition education is popu-
larly used to fight against obesity – hunger and obesity 
being two sides of the same coin (Patel and McMichael, 
2009; Zerbe, 2010).
Despite important positive contributions, the effec-
tiveness of education-based initiatives for sustainability 
and food security needs to be further explored to ensure 
that benefits have long-term impacts and do not promote 
solutions that have negative side effects such as nutri-
tional imbalances or unsustainable practices.
6.4.4 Reducing Inequalities and  
Promoting Gender-responsive  
Interventions and Policies 
There is evidence around the world that greater involve-
ment of women in forest management improves the con-
dition and sustainability of forests (GEF, 2015). This 
may be because women are responsible for a majority of 
household chores that are related to forest products, es-
pecially firewood collection, and women are thus more 
aware of the effects of deteriorating forest conditions. 
Consequently, many women engage in conservation of 
forest resources or in environmentally-friendly practices 
in order to avoid or mitigate future hardship (Agarwal, 
1997; Acharya and Gentle, 2006). Studies show, for 
instance, that in parts of Asia where rural migration to 
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urban centres is widespread, women tend to plant more 
trees on their lands than men as the intensity of agricul-
tural management declines in response to rising incomes 
through remittances (Agrawal et al., 2013). In other 
places, the supposed positive influence of women on the 
landscape is further encouraged by targeted legislation 
and programmes, with vast effects at the local level. For 
example, with support of the Forest Department of In-
dia, village forest committees (VFCs) were formed to 
ensure equal participation of men and women in for-
est activities. The deliberate inclusion of women in the 
VFCs provided incentives for women to manage, protect 
and conserve their forests sustainably (WWF, 2012). 
However, women’s productive potential in natural 
resource management is often constrained by socio-
cultural factors, particularly in rural areas in develop-
ing countries. Often, women’s participation in natural 
resource management is also restricted by land owner-
ship and land tenure rights and agreements, as well as 
distribution of decision-making powers that favour men 
(see Chapter 3). As a result of complicated tenure ar-
rangements, women often have to negotiate for rights 
to land and associated resources. In some areas, women 
thus engage in collective action to influence such deci-
sions, for example by entering sharecropping arrange-
ments, buying or accessing land collectively, often with 
the help of NGOs (FAO, 2002; Agarwal, 2009). Many of 
these NGOs use multilevel approaches by, for instance, 
including training of leadership with best practice train-
ing in technology and innovation that are tailored to 
women’s tasks and needs (USDS, 2011). The potential 
impact of more efficient land use by women is especially 
interesting due to the fact that subsistence crops are of-
ten “women crops”, under the primary responsibility of 
women (Das and Laub, 2005). Taking climate change 
into account, the frequent exclusion of women from 
technology and adaptive innovation is particularly coun-
ter-productive (Terry, 2009). Access and better use of 
land are particularly important in light of study results 
that show that food security might still be compromised 
even in food secure households, often to the disadvan-
tage of women and children (Hughes, 2010). Women 
are often more inclined to reduce the number of meals 
they take in a day or the quantity and/or quality of food 
per meal for the benefit of other household members, 
thereby exposing themselves to enormous health risk 
(Nelson and Stathers, 2009). Altogether, if women had 
the same access to productive resources as men, the FAO 
estimates that women could increase the yields on their 
farms by 20-30 percent, leading to a total increase of 
agricultural output of 2.5 percent in developing coun-
tries and thus reducing the number of hungry people by 
12-17 percent (FAO, 2011).
While this outlook is promising, increasing women’s 
contribution to enhanced food security and nutrition at 
large scale will require a clear commitment for further 
inclusion of women in decision-making processes con-
cerning land use and land use planning. Although na-
tional legislation granting equal access to productive 
resources is essential for social equity, socio-cultural 
attitudes and practices that have evolved over decades 
and centuries are not easily changed and often resist ad-
aptation to new laws and transformation altogether. This 
is particularly true in rural areas where local norms are 
often enforced by older and respected, and thus more 
powerful, (frequently male) community members (FAO, 
2002). Because saliency, legitimacy and relevance of 
more equitable laws and resource management rules 
are critical for community buy-in and effective imple-
mentation, some organisations implement participatory 
awareness campaigns, characterised by local commu-
nity involvement in design and implementation (Clark 
et al., 2011). Communication approaches that widely 
disseminate information and education campaigns can 
also help. At the same time, an in-depth understanding 
is needed of the complex relationships between on the 
one hand, land tenure, use and control and on the other, 
their influence on food security, forests and tree-based 
systems, in order to promote gender inclusiveness in de-
cision-making and sustainable benefit sharing. Such an 
understanding is also a prerequisite to external contri-
bution to more inclusive land tenure policy frameworks 
(see Section 6.2).
6.4.5 Social Mobilisation for Food Security 
Social mobilisation seeks to foster change through aware-
ness creation by engaging a wide range of actors in inter-
related and complementary efforts (UNICEF, 2015; FAO, 
2003). Engagement processes (historically face-to-face) 
allow stakeholders to reflect on and understand their 
Woman pounding cassava for fufu, Senegal.
Photo © Terry Sunderland
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situation, organise themselves and initiate action. Tra-
ditionally, social mobilisation is an endogenous process 
through which like-minded persons attempt to exchange 
ideas, define common purpose and strengthen their voic-
es in order to be heard by their fellow citizens and author-
ities alike. In addition, social mobilisation has also been 
used as a tool to increase legitimacy and sustainability 
of externally encouraged activities in the context of com-
munity development. 
In the USA and Western Europe popular interest in 
food and agriculture has skyrocketed in recent years and 
with it a multiplicity of social “food movements”. Some 
even speak of a “food revolution” (Nestle, 2009). Most of 
these movements critically assess modern food produc-
tion technology and the entire heavily subsidised, chemi-
cally intensive and cheap labour dependent, industrial, 
corporate food system. Many movements advocate for 
and promote more humane and environmentally friendly 
ways of producing, selling and consuming. The massive 
disposing of unwanted or wasted food is yet another facet 
of the same problem (Zerbe, 2010). The FAO’s 2013 “Food 
Wastage Footprint” report for instance specifies that 1.3 
billion tonnes of edible food parts from 1.4 billion hec-
tares of land (28 percent of the world’s agricultural area) 
are wasted, leading to a direct economic loss of an esti-
mated USD 750 billion per year (FAO, 2013b). In the same 
vein, since the inclusion of almost all agricultural products 
in trade liberalisation in 1994, under the auspices of the 
World Trade Organization (WTO), developing countries 
have been further encouraged to reorient their economies 
towards export to the North and to neglect the production 
of food for the domestic market. Also, a lack of democracy 
in basic political institutions has favoured corporate inter-
ests of the food industry (Marshall, 2013). This critique has 
largely informed the Right to Food, food justice and food 
sovereignty movements (Hughes 2010), which have their 
root in the fair trade movement (Zerbe, 2010). Globally, the 
perhaps largest social mobilisation concerning food secu-
rity and environmental sustainability concerns the regula-
tion and restriction of genetically modified foods. While a 
majority of the main food crops in the US continue to be 
genetically modified, activists’ mobilisation has been very 
successful in Europe (Alkon, 2014).
Due to its decentralised, often community-centred and 
sometimes sporadic nature, a characterisation of con-
temporary food movements is difficult. For the United 
States, Nestle suggests a separation between movements 
that address the production side (such as the Slow Food, 
the farm-animal welfare, the organic foods, or the lo-
cally grown food movements) and those that address the 
consumption side (anti-marketing-foods-to-kids, school 
food, anti-trans-fat, or the calorie labelling movement), 
while others unite both purposes (community food secu-
rity, better farm bill movement) (Nestle, 2009).
Social mobilisation for environmental sustainabil-
ity and food security is also witnessed in the develop-
ing world. For example, the tree planting programmes 
of the Green Belt Movement (GBM) provide incentives 
for Kenyans to successfully improve their environments, 
doubling as a sustainable land management approach 
with a reliable source of income for women (Shaw, 2011). 
By early 2015, the GBM published figures indicating that 
it had planted over 51 million trees in Kenya through its 
extensive network of over 50,000 female members. Us-
ing a multidisciplinary approach, the GBM integrates the 
promotion of environmental conservation, with women's 
and girls’ empowerment, and a focus on democracy and 
sustainable livelihoods (GBM, 2015). Starting as a small, 
local project, promoting gender inclusiveness and conser-
vation, the GBM has become a nationally recognised and 
internationally acclaimed movement. Its founder, the late 
Wangari Maathai, received the Nobel Peace Prize in 2004 
for her extraordinary contribution to awareness creation, 
environmental conservation and social transformation.
Another interesting example is the food sovereignty 
movement “La Via Campesina” (the Peasant Way), an 
international organisation and platform that assembles 
peasant farmers, small-scale farmers and activist groups 
from 73 countries in Africa, Asia, Europe and the Ameri-
cas. In existence since 1993, La Via Campesina has 
gained international recognition as a main actor in food 
and agricultural debates and is heard by institutions such 
as the FAO and the UN Human Rights Council (Hughes, 
2010; La Via Campesina, 2011). 
Social mobilisation is also a common tool in rural devel-
opment and poverty alleviation programmes to strengthen 
participation of the rural poor in local decision-making. 
According to UN-HABITAT, communities and stakehold-
ers that take ownership of their own problems, such as con-
flicts and environmental degradation, take better informed 
decisions, are able to reach more sustainable solutions 
and achieve results faster, while fostering their solidarity 
and capacity to undertake development initiatives (UN-
HABITAT, 2014). Collective action has been successful 
in many regards, for example improved access to social 
and production services, greater efficiency in the use of 
locally-available resources, and enhanced asset building by 
the poorest of the poor (FAO, 2003; NRSP, 2005). 
Garlic sellers, Kouana village, Guinea.
Photo © Terry Sunderland
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There are various examples in the world where so-
cial mobilisation has worked in favour of food security 
and forest conservation. For example, through a UNDP 
initiative in Tajikistan on agroforestry, communities 
around the Gissar Mountains were mobilised to plant 
salt-tolerant trees and other grafted new tree species to 
alleviate the impacts of overutilisation and degradation 
of natural resources, civil war and consequent socio-
economic hardships. As a result, pressure on forest re-
sources was reduced and household incomes increased, 
from the trees themselves, as well as from the establish-
ment of tree nurseries. Local farmers also experimented 
further, using grafting technology to cultivate fruit trees 
(UNDP, 2015). 
Urban dynamics, behavioural change, tackling in-
equalities and social mobilisation all represent different 
options to address the drivers that affect forests and tree-
based systems, and thus their impacts on food security 
and nutrition.
6.5 Conclusions 
This chapter looked at options to improve food security 
and nutrition in forests and tree-based systems through 
governance and policies at national scales, market-based 
approaches and socio-cultural responses. Based on exam-
ples from numerous developing but also developed coun-
tries we have shown how changes in policies, corporate 
strategies, social norms and values, and technical devel-
opments can positively influence outcomes in livelihoods 
and human wellbeing in forest contexts.
The section on governance innovations to better link 
forests with food security discussed lessons from ten-
ure reform, decentralisation of authority, market regula-
tion and access to knowledge and technology. A central 
governance issue is how and to what extent policy and 
regulatory frameworks help ensure equitable access of 
the poor, women and disadvantaged groups to forests and 
tree-based systems, and to what extent these regulatory 
arrangements recognise the rights to direct and indirect 
benefits for food and nutritional security. On the pro-
cess side of governance reform it is important to include 
relevant actors, from local communities to government 
departments, whereas on the substantive side, tenure se-
curity, decentralisation of decision-making and strength-
ening institutional capacity at local levels have shown to 
be effective. 
The section on private sector-driven reform empha-
sised initiatives aimed at enhancing the governance of 
large-scale investors supporting sustainable practices in 
the commodity value chain, improved benefit sharing and 
protection of local people’s rights. In most cases, these 
initiatives interact with the public sector and complement 
policy frameworks. While guidelines and principles to 
regulate large-scale investments are becoming increas-
ingly important, it is unclear if they will change corpo-
rate behaviour toward greater sustainability. Sustainabil-
ity standards supported by multi-stakeholder processes 
may therefore foster greater changes on the ground but 
their adoption is still limited and smallholders not able 
to comply with more complex terms and conditions may 
be excluded. The more recent commitments and pledges 
by corporate actors to zero deforestation and sustainable 
supply, as well as improving benefits for local people, 
may therefore have significant influence in shaping fu-
ture production practices and business models. To achieve 
more inclusive food systems that not only use appropriate 
innovations but also value local practices, management 
systems and knowledge, it may be necessary to promote 
more structural reform, involving greater intervention 
from the state to harmonise regulatory regimes. Co-reg-
ulatory approaches that involve both public and private 
sector actors may in the future enhance the governance 
of food systems.
The section on socio-cultural responses focused on ex-
amples from gender research, behavioural change, social 
mobilisation and urban dynamics to illustrate the impor-
tance of education, communication and access to infor-
mation in achieving better food security and nutrition out-
comes while preserving and improving forests and other 
land-based natural resources. Education plays an impor-
tant role in empowering rural populations and has the po-
tential to generate tangible and fundamental benefits for 
households and communities in achieving food security 
and nutrition, sustainable forest and landscape manage-
ment, and health. For women and other vulnerable groups 
appropriate education and training programmes can im-
prove the understanding of healthy and nutritious foods 
and natural resource management practices, and support 
traditional rural societies in understanding and incorpo-
rating necessary changes that enable gender inclusive-
ness in decision-making and benefit sharing in forests 
and tree-based systems. Behavioural change to encourage 
foods and diets with better environmental footprints, such 
as low meat consumption diets and an increased use of 
organically produced foods, can have significant positive 
impacts on rural populations if the value chains necessary 
to meet the demand are set up to include smallholders and 
marginalised groups.
Overall, these public and private sector reforms and 
social changes achieve greatest impact when they go hand 
in hand. Whether or not innovation, reform and change 
at the levels discussed in this chapter are sufficient to 
transform food systems toward long-term sustainability 
and food security and nutrition in forests and tree-based 
landscapes requires continued scrutiny and assessment.
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Chapter 7
Conclusions
7.1 Forests and Trees Matter for Food 
Security and Nutrition
Close to one out of every six persons directly depends 
on forests, with food being one essential aspect of this 
dependence. An even greater number rely on the ecosys-
tem services of forests – notably soil and water protection 
and pollination – specifically for their food and nutrition. 
Forests and tree-based systems are particularly critical for 
food security and nutrition for the poorest and the most 
vulnerable, including women.
Forests and tree-based systems have played a major 
role throughout human history in supporting livelihoods 
as well as meeting the food security and nutritional 
needs of the global population. These systems, ranging 
from natural forests that are managed to optimise 
yields of wild foods and fodder, through shifting cul-
tivation and a wide variety of agroforestry systems 
to single-species tree crop systems and orchards, re-
main important components of rural landscapes in 
most parts of the world.
There is increasing evidence of the importance of 
forests and other tree-based systems for supporting 
food production and contributing to dietary diversity 
and quality, and addressing nutritional shortfalls as 
underscored in this report. Additional products essen-
tial to food production, such as fuel, fodder or green fer-
tiliser, are also provided by trees. 
Non-timber forest products (NTFPs) and agroforestry 
tree products (AFTPs), including tree commodity crops 
within agroforestry systems, are important sources of 
revenue to local people and governments, which can can 
contribute to food supply. Tree-based incomes offer 
a considerably more diversified livelihood portfolio 
given the environmental and economic risks of relying 
on cash incomes from single commodity crops. More 
is known about the economic value of tree commodity 
crops than of other products, although recent initiatives 
have provided a clearer picture of the “environmental 
income” from NTFPs. 
Forests and tree-based systems also provide valu-
able ecosystem services that are essential for staple 
crop production and that of a wider range of edible 
plants. For instance, many globally important crops re-
quire pollinators that are supported by forests and diverse 
tree-based cropping systems within landscape mosaics. 
These systems offer a number of advantages over per-
manent (crop) agriculture given the diversity of food 
products derived from them and their adaptability 
to a broader range of environmental conditions (e.g., 
soils, topography and climate) and changing socio- 
economic conditions.
7.2 Governing Multi-functional  
Landscapes for Food Security  
and Nutrition
Forests and tree-based systems are embedded within 
broader economic, political, cultural and ecological land-
scapes that typically include a mosaic of different, and 
often competing food production systems and other land 
uses. How these different land use patches interact with 
each other in space and time can profoundly influence 
the productivity and sustainability of forests and tree-
based systems as well as their food security and nutrition 
outcomes. The integration of biodiversity conserva-
tion and agricultural production goals must be a first 
step, whether through land sharing or land sparing, 
or more feasibly through a more nuanced, yet com-
plex, multi-functional integrated landscape approach. 
Greater attention to the production of and access to nutri-
ent-dense foods is needed in the debate on the respective 
benefits of land sharing versus land sparing which has 
focused to date on the impacts of staple crop yields (one 
important aspect of food security and nutrition) on biodi-
versity and forest conservation. 
A range of diverse drivers – environmental, social, eco-
nomic and governance – affect forests and tree-based sys-
tems for food security and nutrition, usually by influencing 
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land use and management or through changes in con-
sumption, income and livelihood opportunities. These 
drivers are often interrelated. Thus, designing appropri-
ate and integrated responses to these complex influences 
that are effective across multiple, nested scales is a ma-
jor challenge. Managing resilient and climate-smart 
landscapes on a multi-functional basis that combines 
food production, biodiversity conservation, other 
land uses and the maintenance of ecosystem services 
should be at the forefront of efforts to achieve global 
food security. In order for this to happen, knowledge 
from biodiversity science and agricultural research and 
development needs to be integrated through a systems 
approach at the landscape scale.
Governance shifts from state-focused government 
to multi-sectoral and cross-scale governance present 
better prospects for integration of different interests 
and goals related to forest and food systems. The re-
sulting global emphasis on ecosystem services can also 
bring opportunities for improved synergies between 
forest and food systems, changing management forms 
and changes in income and livelihood structures. To 
maximise future potential, greater attention from the 
scientific and development communities is required, 
particularly to develop a supportive policy framework 
that considers both the forestry and agriculture sec-
tors in tandem.
Current governance arrangements are imperfect and 
ambiguous. Complexity surrounding the forest-food 
landscape interface dictates the need for different so-
lutions on a case-by-case basis. Structural reforms in-
volving greater intervention from the state to harmonise 
regulatory regimes, may be required in some instances 
to achieve more inclusive food systems that not only fos-
ter innovation but also value local practices, systems and 
knowledge. Co-regulatory approaches that involve 
both public and private actors also have the poten-
tial to enhance the effective governance of forest and 
tree-based food systems. Initiatives aimed at enhanc-
ing the governance of large-scale investors supporting 
sustainable practices in the commodity value chain, im-
proved benefit sharing and protection of local people’s 
rights complement state-led regulatory approaches and 
policy frameworks. 
A central governance issue is how and to what ex-
tent policy and regulatory frameworks help ensure 
equitable access of the poor, women and disadvan-
taged groups to forests and tree-based systems, and 
to what extent do these regulatory arrangements rec-
ognise the rights to direct and indirect benefits for 
food and nutritional security. Richer households with 
more assets (including livestock) are able to claim or 
make greater use of forest common property resources; 
yet, poorer households often have a higher dependence, 
as a proportion of their total income, on forest resources 
for food security and livelihoods.
The impacts of interventions are also felt differ-
ently, depending on social structures and local con-
texts, and could improve food security and nutrition for 
some groups while increasing vulnerability for others. 
Subsidies and incentives (for tree planting and man-
agement) are often captured by larger farmers who are, 
usually, not food insecure in relative terms. Responses 
must be sensitive to these differences, and ensure that 
they meet the needs of the most vulnerable groups.
7.3 The Importance of Secure Tenure 
and Local Control
Improving food sovereignty can help to ensure that 
local people have better access to food, control over 
their own diets and are engaged in efforts to im-
prove the nutritional quality of their food intake. 
Community level engagement with local food and ag-
ricultural systems will be particularly important for 
those people facing a nutrition transition and the bur-
den of malnutrition. It creates a setting ideal for more 
sustainable management of these food and agricultural 
systems and the broader landscapes in which commu-
nities reside and interact.
Tenure regimes in forests and tree-based systems 
for food security and nutrition are highly complex, and 
rights to trees or to their produce may be different from 
rights to the land on which they are grown. Different 
bundles of rights are nested and overlap in these dif-
ferent systems, varying according to geographical, 
social, cultural, economic and political factors, and 
affecting the access of different population groups 
to the trees and their products for food, income and 
other livelihood needs.
Policies that support communities’ access to for-
ests and that encourage the cultivation of tree prod-
ucts are required. While there is a growing trend to-
wards designating de jure land and management rights 
to communities and indigenous peoples who tradition-
ally hold de facto rights to forest, some 80 percent of 
forest land worldwide remains under state ownership. 
Improved security of tenure has significant potential 
to enhance access to nutritious food.
Since women represent 43 percent of the global ag-
ricultural labour force, and there is evidence of femini-
sation of agriculture in numerous developing countries, 
women’s weak and often insecure rights of access to 
land, forests and trees is undermining their engage-
ment in innovation in forests and agroforestry sys-
tems with huge costs for their food security and nu-
trition, and that of their families.
7.4 Reimagining Forests and Food 
Security
Applying an integrated landscape approach provides 
a unique opportunity for forestry and agricultural re-
search organisations to coordinate efforts at the concep-
tual and implementation levels to achieve more sustain-
able agricultural systems. As such, a clear programme 
of work on managing landscapes and ecosystems for 
biodiversity conservation, agriculture, food security 
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and nutrition should be central to development aid. 
Agroecology (i.e. the application of ecological concepts 
and principles in the design of sustainable agricultural 
systems) appears well suited to these geographies, and 
an approach that combines biodiversity concerns, along 
with food production demands, provides a more com-
pelling vision of future food production.
Conservation and restoration in human domi-
nated ecosystems requires strengthening connec-
tions between agriculture and biodiversity. In such 
landscapes, characterised by impoverished biodiversity 
and in particular depopulated of their medium and large-
sized vertebrates, tree-based agriculture in particular 
may represent an opportunity, and not necessarily a 
threat, for conservation and ecosystem restoration. 
Most forest and tree-based systems are underpinned 
by the accumulated traditional knowledge of local 
and indigenous communities. Traditional knowledge 
has been crucial to the development and modification 
of these systems over generations under diverse and 
changing variable environmental conditions and to meet 
changing socio-economic needs, and this contribution 
needs to be acknowledged and incorporated into 
management practices and policy. 
Agricultural and forest scientists, extension agents 
and development organisations have only recently be-
gun to understand the importance and relevance of for-
ests and tree-based systems, and the traditional knowl-
edge that underpins many of these systems. Working 
with farmers to combine the best of traditional and 
formal scientific knowledge offers tremendous po-
tential to enhance the productivity and resilience 
of these systems and the flow of direct (food secu-
rity and nutrition) and indirect (income) benefits to 
their practitioners.
By targeting particular species for improved har-
vest and/or cultivation, more optimal portfolios of 
species could be devised that best support communi-
ties’ nutrition year-round. An overall increase in pro-
duction through cultivation of a wide range of foods, 
including tree fruits and vegetables, is required to bridge 
consumption shortfalls. There is further potential for 
the domestication of currently little-researched indig-
enous fruit trees to bring about large production gains, 
although more information is needed on the nutritional 
value of many of these species.
The development of “nutrient-sensitive” value 
chains is also needed, which means improving nutri-
tional knowledge and awareness among value-chain ac-
tors and consumers, focusing on promoting the involve-
ment of women, and considering markets for a wider 
range of tree foods. By promoting tree food processing 
and other value additions, the non-farm rural economy 
can also be stimulated.
Dietary choices are complex and depend on more 
than just what potential foods are available to com-
munities in their environments. Rather than assump-
tions based on availability, assessments of actual diet 
through dietary diversity studies and other related esti-
mators are therefore crucial, to allow an exploration of 
the reasons behind current limitations in usage. There 
are multiple targets to improve food choices and nu-
tritional knowledge and awareness, with women and 
children being key targets, as well as actors across 
the value chain.
Education and basic awareness play important 
roles in empowering rural populations and have the 
potential to generate tangible and fundamental ben-
efits for their households and communities includ-
ing food security, sustainable forest management, 
health, education and general household nutrition. 
For women and other vulnerable groups appropriate ed-
ucation and training programmes can improve their un-
derstanding of healthy and nutritious foods and natural 
resource management practices. Such programmes can 
also support traditional rural societies in understanding 
and incorporating necessary changes that enable gender 
inclusiveness in decision-making and benefit sharing 
in forests and tree-based systems for food security and 
nutrition. Technological innovation, in particular mobile 
technology can help deliver relevant information to rural 
populations and is seen as critical in improving existing 
extension services, education and products to enhance 
food security and nutrition, dietary choices and health.
7.5 Knowledge Gaps
Through the research of this Global Forest Expert 
Panel, specific knowledge gaps have been identified 
concerning the contribution of forests and tree-based 
systems to food security and nutrition. Although 
there is a growing body of evidence, much remains to 
be understood as concerns the role of forests and tree-
covered landscapes in food security and nutrition and 
the provision of nutritious diets.Accurately quantifying 
the role of forests in food security and nutrition (includ-
ing dietary diversity) is needed. In particular, better 
quantification of the relative benefits received by rural 
communities from different tree production categories 
is required, supported by an appropriate typology for 
characterisation. Further research is needed to assess 
the complementarity and resilience of different crops in 
agroforestry, particularly in the face of climate change 
and the need for concomitant adaptation to such change.
Research should support food tree domestication op-
tions appropriate for meeting smallholders’ needs. To 
support diverse production systems, genetic selection 
for commodity crop cultivars that do well under shade 
may be of particular importance. This may require re-
turning to wild genetic resources still found in shaded, 
mixed-species forest habitats, reinforcing the impor-
tance of their conservation. There are also opportuni-
ties to develop valuable new tree commodities that are 
compatible with other crops and that therefore support 
more agro-biodiversity.
Specific gaps that have been identified related to 
the management of forests and tree-based systems to 
enhance food security and nutrition include the need to 
refine estimates of land cover in agricultural landscape 
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and the extent of agroforestry practices, including their 
relationship with factors other than climate and popula-
tion density. There is a need to assess the actual extent of 
most management systems, the numbers of people who 
rely on one or more such systems to meet their house-
hold food and/or income needs, and the relative value 
of different forests and tree-based systems on the diets 
and health of those who manage them. Further research 
would also be needed to better understand the food val-
ues of forest mosaics from shifting cultivation systems.
There are gaps in our understanding of the inter-re-
lations between drivers affecting the role of forests and 
tree-based systems in food security and nutrition. In par-
ticular, improved understanding is needed on the link 
between economic valuation of ecosystem services, and 
their incorporation into global commodity markets, and 
the ensuing risk of local and indigenous communities 
being dispossessed of land and related rights and access.
Further research is required at the landscape scale 
particularly when tackling trade-offs between different 
stakeholders. There is a need to better understand the 
economic, environmental and other trade-offs for the 
different sectors of rural societies when the harvesting 
of NTFPs is commercialised or they are planted (and 
perhaps are converted to new commodity crops), as the 
benefits and costs for different members of society vary. 
The question of how far research can go in providing 
useful information about relationships between forest 
food systems and other land uses at the landscape scale 
needs to be addressed. In the land sparing/land sharing 
debate, greater attention is needed on food production 
and access to nutrient-rich foods.
Gaps remain regarding ways to better link local in-
novations in resource access and control to a supportive 
policy and institutional environment. The effectiveness 
of education-based initiatives for sustainability and food 
security need to be further explored. More attention is 
needed on how to effectively link local innovations in re-
lation to management practices, institutions and govern-
ance arrangements to an enabling policy environment. 
Comprehensive information on the complex relation-
ships between land tenure, use, control, ownership and 
how these relationships impact on food security, forests 
and tree-based systems is needed to help develop ap-
propriate land tenure policy frameworks (which are also 
gender sensitive).
7.6 Looking Ahead – The Importance 
of Forest and Tree-based Systems for 
Food Security and Nutrition
This report has highlighted the important role that for-
ests and tree-based systems play in complementing agri-
cultural production systems for food security and nutri-
tion. Forests and tree-based systems can contribute to the 
“Zero Hunger Challenge”. To do this, however, requires a 
much greater understanding of the forest-food nexus, the 
effective management of landscapes and improved gov-
ernance. Recognising the role of different configurations 
of the landscape mosaic, and the ways in which forests 
and tree-based systems can be managed to effectively 
deliver ecosystem services for crop production, provide 
better and more nutritionally-balanced diets, greater con-
trol over food inputs – particularly during lean seasons 
and periods of vulnerability (especially for marginalised 
groups) – are critical elements of response to global hun-
ger. Through this report, the Global Forest Expert Panel 
has identified important opportunities for greater harmo-
nisation and synergy between policies and global com-
mitments to secure more sustainable landscapes for a 
hunger-free future for all.
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Appendix 1
Glossary
Agricultural biodiversity: A broad term that includes all components of biological diversity of relevance to food and 
agriculture, and all components of biological diversity that constitute the agricultural ecosystems, also named agro-
ecosystems: the variety and variability of animals, plants and micro-organisms, at the genetic, species and ecosystem 
levels, which are necessary to sustain key functions of the agro-ecosystem, its structure and processes (CBD, 2000).
Agrobiodiversity: see Agricultural biodiversity
Agroecology: The integrative study of the ecology of the entire food systems, encompassing ecological, economic and 
social dimensions (Francis et al., 2003).
Agroforestry: A collective name for land use systems and practices in which woody perennials are deliberately integrated 
with crops and/or animals on the same land management unit. The integration can be either in a spatial mixture or in a 
temporal sequence. There are normally both ecological and economic interactions between woody and non-woody com-
ponents in agroforestry (Leakey, 1996; Leakey and Simons, 1998). 
Agroforestry tree products (AFTP): refers to timber and non-timber forest products that are sourced from trees 
cultivated outside of forests. This distinction from the term non- timber forest products (NTFPs) for non-timber extrac-
tive resources from natural systems is to distinguish between extractive resources from forests and cultivated trees in 
farming systems. (Nevertheless, some products will be marketed as both NTFPs and AFTPs (depending on their origin) 
during the period of transition from wild resources to newly domesticated crops.) (Leakey et al., 2005; Simons and 
Leakey, 2004).
Biodiversity [Biological Diversity]: The variability among living organisms from all sources including, inter alia, 
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes 
diversity within species, between species and of ecosystems (CBD, 1992).
Climate change: Refers to any change in climate over time, whether due to natural variability or as a result of human 
activity. This usage differs from that in the United Nations Framework Convention on Climate Change (UNFCCC), 
which defines climate change as: “a change of climate which is attributed directly or indirectly to human activity that 
alters the composition of the global atmosphere and which is in addition to natural climate variability observed over 
comparable time periods” (IPCC, 2007).
Deforestation: The conversion of forest to another land use or the long-term reduction of the tree canopy cover below 
the minimum 10 percent threshold (FAO, 2010). Deforestation implies the long-term or permanent loss of forest cover 
and implies transformation into another land use. Such a loss can only be caused and maintained by a continued human-
induced or natural perturbation. Deforestation includes areas of forest converted to agriculture, pasture, water reservoirs 
and urban areas. The term specifically excludes areas where the trees have been removed as a result of harvesting or 
logging, and where the forest is expected to regenerate naturally or with the aid of silvicultural measures. Deforestation 
also includes areas where, for example, the impact of disturbance, over-utilisation or changing environmental conditions 
affects the forest to an extent that it cannot sustain a tree cover above the 10 percent threshold (FAO, 2001). 
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Degradation: see Forest degradation and Land degradation.
Dietary diversity: Dietary diversity defined as the number of different foods or food groups consumed over a given 
reference period (Ruel, 2003) is increasingly recognized as a key element of high quality diets and a sustainable way to 
resolve health problems such as micronutrient deficiencies. 
Ecosystem: A dynamic complex of plant, animal and micro-organism communities and their non-living environment 
interacting as a functional unit (CBD, 1992).
Ecosystem services: Ecosystem services are the benefits people obtain from ecosystems. These include i) provisioning 
services such as food, water, timber, and fibre; (ii) regulating services that affect climate, floods, disease, wastes, and 
water quality;(iii) cultural services that provide recreational, aesthetic, and spiritual benefits; and (iv) supporting services 
such as soil formation, photosynthesis, and nutrient cycling (MA, 2005).
Food insecurity: A situation that exists when people lack secure access to sufficient amounts of safe and nutritious food 
for normal growth and development and an active and healthy life. It may be caused by the unavailability of food, insuffi-
cient purchasing power, inappropriate distribution or inadequate use of food at the household level. Food insecurity, poor 
conditions of health and sanitation and inappropriate care and feeding practices are the major causes of poor nutritional 
status. Food insecurity may be chronic, seasonal or transitory (FAO, IFAD and WFP, 2014).
Food security: A situation that exists when all people, at all times, have physical, social and economic access to 
 sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life. 
Based on this definition, four food security dimensions can be identified: food availability, economic and physical access 
to food, food utilization and stability over time (FAO, IFAD and WFP, 2014).
Food sovereignty is the right of peoples to define their own food and agriculture; to protect and regulate domestic 
agricultural production and trade in order to achieve sustainable development objectives; to determine the extent to 
which they want to be self-reliant; to restrict the dumping of products in their markets; and to provide local fisheries-
based communities the priority in managing the use of and the rights to aquatic resources (Via Campesina website: 
www.viacampesina.org).
Food systems: Food systems encompass the entire range of activities involved in the production, processing, marketing, 
consumption and disposal of goods that originate from agriculture, forestry or fisheries, including the inputs needed and 
the outputs generated at each of these steps. Food systems also involve the people and institutions that initiate or inhibit 
change in the system as well as the socio- political, economic and technological environment in which these activities 
take place. (Adapted from FAO, 2012b).
Forest: Land spanning more than 0.5 hectares with trees higher than 5 metres and a canopy cover of more than 10 
percent, or trees able to reach these thresholds in situ. It does not include land that is predominantly under agricultural or 
urban land use (FAO, 2010). Includes areas with young trees that have not yet reached but which are expected to reach 
a canopy cover of 10 percent and tree height of 5 meters. It also includes areas that are temporarily unstocked due to 
clear-cutting as part of a forest management practice or natural disasters, and which are expected to be regenerated within 
5 years. Local conditions may, in exceptional cases, justify that a longer time frame is used (FAO, 2010).
Forest degradation: The reduction of the capacity of a forest to provide goods and services (FAO 2010b). 
Forest fragmentation: Any process that results in the conversion of formerly continuous forest into patches of forest 
separated by non-forested lands. (CBD website: http://www.cbd.int/forest/definitions.shtml).
Forest management: The processes of planning and implementing practices for the stewardship and use of forests and 
other wooded land aimed at achieving specific environmental, economic, social and/or cultural objectives. Includes man-
agement at all scales such as normative, strategic, tactical and operational level management (FAO, 2004).
Forests and tree-based systems: for the purposes of this report, this includes the spectrum from management of forests 
to optimise yields of wild foods and fodder, to shifting cultivation, to the broad spectrum of agroforestry practices and 
to single-species tree crop management. 
Fragmentation: see Forest fragmentation
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Governance: refers to the formation and stewardship of the formal and informal rules that regulate the public realm, the 
arena in which state as well as economic and societal actors interact to make decisions (Hydén and Mease, 2004). 
Greenhouse gas: Gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit radia-
tion at specific wavelengths within the spectrum of infrared radiation emitted by the Earth’s surface, the atmosphere, and 
clouds. This property causes the greenhouse effect. Water vapour (H2O), carbon dioxide (CO2), nitrous oxide (N2O), 
methane (CH4) and ozone (O3) are the primary greenhouse gases in the Earth’s atmosphere. As well as CO2, N2O, and 
CH4, the Kyoto Protocol deals with the greenhouse gases sulphur hexafluoride (SF6), hydrofluorocarbons (HFCs) and 
perfluorocarbons (PFCs) (IPCC, 2007).
Hidden hunger: refers to vitamin and mineral deficiencies, or micronutrient deficiencies. Micronutrient deficiencies 
can compromise growth, immune function, cognitive development, and reproductive and work capacity (FAO, 2012c). 
Invasive species: Any species that are non-native to a particular ecosystem and whose introduction and spread causes, 
or are likely to cause socio-cultural, economic or environmental harm or harm to human health (FAO website: 
http://www.fao.org/forestry/aliens/en/).
Land degradation: Reduction or loss in arid, semiarid and dry sub-humid areas of the biological or economic produc-
tivity and complexity of rainfed cropland, irrigated cropland, or range, pasture, forest and woodlands resulting from land 
uses or from a process or combination of processes, including processes arising from human activities and habitation 
patterns, such as: (i) soil erosion caused by wind and/or water; (ii) deterioration of the physical, chemical and biological 
or economic properties of soil; and (iii) long-term loss of natural vegetation (UNCCD, 1994).
Landscape: Drawing on ecosystem definitions, we define a landscape as an area delineated by an actor for a specific 
set of objectives (Gignoux et al., 2011). It constitutes an arena in which entities, including humans, interact according to 
rules (physical, biological, and social) that determine their relationships (Sayer et al., 2013). 
Landscape approach: Aims to reconcile competing land uses and to achieve both conservation and production out-
comes, while recognizing and negotiating for inherent trade-offs (Milder et al., 2012; Sayer et al., 2013).
Land-sparing: For the purposes of this report, defined as “The promotion of agricultural techniques that encourage 
the highest possible yields in a given area (even if it involves reduced in-farm biodiversity) with the goal of meeting 
agricultural needs in the minimum possible area, so as to reduce the pressure over wild areas.”
Land-sharing: For the purposes of this report, defined as “The promotion of agricultural techniques, mainly 
agroforestry, that are ‘friendly’ to wild species, aimed at fostering the co-existence of managed (crops or livestock) and 
wild species in the same area.“
Livelihoods: The capabilities, assets – both material and social resources – and activities required for a means of living. 
A livelihood is sustainable when it can cope with and recover from stresses and shocks, maintain or enhance its capabili-
ties and assets, and provide net benefits to other livelihoods locally and more widely, both now and in the future, while 
not undermining the natural resource base (Chambers and Conway, 1991).
Malnutrition. An abnormal physiological condition caused by inadequate, unbalanced or excessive consumption of 
macronutrients and/or micronutrients. Malnutrition includes undernutrition and overnutrition as well as micronutrient 
deficiencies (FAO, IFAD and WFP, 2014).
Managed forests: For the purposes of this report, managed forests are those whose structure, and the diversity and 
density of edible plant and animal species, have been modified by various management practices to improve their 
nutritional, economic and biodiversity values for people.
Non-timber forest products (NTFP): All biological materials other than timber, which are extracted from forests for 
human use. Forest refers to a natural ecosystem in which trees are a significant component. In addition to trees, forest 
products are derived from all plants, fungi and animals (including fish) for which the forest ecosystem provides habitat 
(IUFRO, 2005).
Nutrition: the consequence of the intake of food and the utilization of nutrients by the body (CFS, 2012). 
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Nutrition security: A situation that exists when secure access to an appropriately nutritious diet is coupled with a sanitary 
environment, adequate health services and care, in order to ensure a healthy and active life for all household members. 
Nutrition security differs from food security in that it also considers the aspects of adequate caring practices, health and 
hygiene in addition to dietary adequacy (FAO, IFAD and WFP, 2014).
Primary forest: Naturally regenerated forest of native species, where there are no clearly visible indications of human 
activities [including commercial logging] and the ecological processes are not significantly disturbed (FAO, 2010b).
Resilience: Capacity of the system to cope with all kind of shocks and disturbances, and so be able to avoid crossing all 
thresholds, known or unknown, to alternate regimes sometimes referred to as “coping capacity” and synonymous with 
“adaptive capacity” (O’Connell et al, 2015).
Secondary forest: forests regenerating largely through natural processes after significant removal or disturbance of 
the original forest vegetation by human or natural causes at a single point in time or over an extended period, and 
displaying a major difference in forest structure and/or canopy species composition with respect to pristine primary 
forests (FAO, 2003). 
Shifting cultivation: Also referred to as slash-and-burn cultivation or swidden agriculture. A land use system that 
employs a natural or improved fallow phase, which is longer than the cultivation phase of annual crops, sufficiently long 
to be dominated by woody vegetation, and cleared by means of fire (Mertz et al., 2009)
Slash-and-burn cultivation: see Shifting cultivation
Sustainable intensification: where the yields of global agriculture are increased without adverse environmental impact 
and without the cultivation of more land (The Royal Society, 2009). 
Swidden agriculture: see Shifting cultivation
Tenure: Systems of tenure define and regulate how people, communities and others gain access to land, fisheries and 
forests. These tenure systems determine who can use which resources, for how long, and under what conditions. The 
systems may be based on written policies and laws, as well as on unwritten customs and practices (FAO, 2012a). 
Traditional (ecological) knowledge: A cumulative body of knowledge, practice and belief, handed down through genera-
tions by cultural transmission and evolving by adaptive processes, about the relationship between living beings (includ-
ing humans) with one another and with their forest environment (Berkes, 1999). 
Tree crops: (also Tree commodity crops) Generally defined as food products from trees that are exported and 
traded widely in international commodity markets. These crops may be produced by smallholder- and/or in plantation-
production systems. Examples include coffee, cocoa, tea and oil palm (Jain and Priyadarshan, 2004).
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